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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to par- 
ticular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or 
federal laws. 

Information concerning safety and health risks and proper precautions with respect to 
particular materials and conditions should be obtained from the employer, the manufac- 
turer or supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or 
product covered by letters patent. Neither should anything contained in the publication be 
construed as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least 
every five years. Sometimes a one-time extension of up to two years will be added to this 
review cycle. This publication will no longer be in effect five years after its publication 
date as an operative API standard or, where an extension has been granted, upon republica- 
tion. Status of the publication can be ascertained from the API Authoring Department 
[telephone (202) 682-8000]. A catalog of API publications and materials is published 
annually and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appro- 
priate notification and participation in the developmental process and is designated as an 
API standard. Questions concerning the interpretation of the content of this standard or 
comments and questions concerning the procedures under which this standard was devel- 
oped should be directed in writing to the director of the Authoring Department (shown on 
the title page of this document), American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. Requests for permission to reproduce or translate all or any part of the 
material published herein should also be addressed to the director. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or dam- 
age resulting from its use or for the violation of any federal, state, or municipal regulation 
with which this publication may conflict. 

API standards are published to facilitate the broad availability of proven, sound engi- 
neering and operating practices. These standards are not intended to obviate the need for 
applying sound engineering judgment regarding when and where these standards should 
be utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applica- 
ble requirements of that standard. API does not represent, warrant, or guarantee that such 
products do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, 
or transmitted by any means, electronic, mechanical, photocopying, recording, or other- 
wise, without prior written permission from the publisher. Contact the Publisher, 
API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 
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FOREWORD 


This standard is based on the accumulated knowledge and experience of manufacturers 
and users of packaged, integrally geared centrifugal air compressors. The objective of this 
standard is to provide a purchase specification to facilitate the manufacture and procure- 
ment of these compressors for use in petroleum, chemical, and gas industry services. 

The primary purpose of this standard is to establish minimum mechanical requirements. 
This limitation in scope is one of charter as opposed to interest and concern. Energy con- 
servation is of concern and has become increasingly important in all aspects of equipment 
design, application, and operation. Thus, innovative energy-conserving approaches should 
be aggressively pursued by the manufacturer and the user during these steps. Alternative 
approaches that may result in improved energy utilization should be thoroughly investi- 
gated and brought forth. This is especially true of new equipment proposals, since the 
evaluation of purchase options will be based increasingly on total life costs as opposed to 
acquisition cost alone. Equipment manufacturers, in particular, are encouraged to suggest 
alternatives to those specified when such approaches achieve improved energy effective- 
ness and reduced total life costs without sacrifice of safety or reliability. 

This standard requires the purchaser to specify certain details and features. Although it 
is recognized that the purchaser may desire to modify, delete, or amplify sections of this 
standard, it is strongly recommended that such modifications, deletions, and amplifica- 
tions be made by supplementing this standard, rather than by rewriting or incorporating 
sections thereof into another complete standard. 

API standards are published as an aid to procurement of standardized equipment and 
materials. These standards are not intended to inhibit purchasers or producers from pur- 
chasing or producing products made to other standards. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or dam- 
age resulting from its use or for the violation of any federal, state, or municipal regulation 
with which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Manufac- 
turing, Distribution and Marketing Department, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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IMPORTANT INFORMATION CONCERNING USE OF 
ASBESTOS OR ALTERNATIVE MATERIALS 


Asbestos is specified or referenced for certain components of the equipment described 
in some API standards. It has been of extreme usefulness in minimizing fire hazards asso- 
ciated with petroleum processing. It has also been a universal sealing material, compatible 
with most refining fluid services. 

Certain serious adverse health effects are associated with asbestos, among them the 
serious and often fatal diseases of lung cancer, asbestosis, and mesothelioma (a cancer of 
the chest and abdominal linings). The degree of exposure to asbestos varies with the prod- 
uct and the work practices involved. 

Consult the most recent edition of the Occupational Safety and Health Administration 
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for Asbes- 
tos, Tremolite, Anthophyllite, and Actinolite, 29 Code of Federal Regulations Section 
1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for 
Asbestos, 40 Code of Federal Regulations Sections 61.140 through 61.156; and the U.S. 
Environmental Protection Agency (EPA) rule on labeling requirements and phased ban- 
ning of asbestos products (Sections 763.160-179). 

There are currently in use and under development a number of substitute materials to 
replace asbestos in certain applications. Manufacturers and users are encouraged to 
develop and use effective substitute materials that can meet the specifications for, and 
operating requirements of, the equipment to which they would apply. 

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR 
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 
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Packaged, Integrally Geared Centrifugal Air Compressors for 
Petroleum, Chemical, and Gas Industry Services 


SECTION 1—GENERAL 


1.1 Scope 


This standard establishes the minimum requirements for 
constant-speed, packaged, integrally geared centrifugal air 
compressors, including their accessories. It may be applied 
for gas services other than air which are nonhazardous and 
nontoxic. This standard is not applicable to machines that 
develop a pressure rise of less than 0.35 bar (5.0 psi) 
above atmospheric pressure, which are classed as fans or 
blowers. 


Note: A bullet (*) at the beginning of a paragraph indicates that either a 
decision by the purchaser is required or further information is to be pro- 
vided by the purchaser. This information should be indicated on the data 
sheets (see Appendix A); otherwise, it should be stated in the quotation 
request or in the order. 


1.2 Alternative Designs 


The vendor may offer alternative designs. Equivalent 
metric dimensions, fasteners, and flanges may be substi- 
tuted as mutually agreed upon by the purchaser and the ven- 
dor. 


1.3. Conflicting Requirements 


In case of conflict between this standard and the inquiry 
or order, the information included in the order shall govern, 


1.4 Definition of Terms 


Terms used in this standard are defined in 1.4.1 through 
1.4.32. 


1.4.1. The alarm point is a preset value of a parameter at 
which an alarm is actuated to warn of a condition that 
requires corrective action. 


1.4.2 Axially (horizontally) split refers to casing joints 
that are parallel to the shaft centerline. 


1.4.3 The bearing housing refers to all bearing enclo- 
sures, including the gear casing. 


1.4.4 Bull gear refers to the low-speed rotor. 


1.4.5 Delivered flow refers to the flow rate determined at 
the compressor discharge or after the discharge of the after- 
cooler when specified. 


Note: When the flow is measured before the compressor inlet, it must be 
adjusted for the effects of aftercooler pressure drop, compressor seal losses, 
and interstage condensate removal. 

1.4.6 A diaphragm coupling consists of one or more fiex- 
ible elements that are attached to the outside diameter of 


one flange and transfer torque through the diaphragm to its 
inside-diameter attachment (a spacer or ancther flange). 


1.4.7 A disk coupling consists of several flexible elements 
that are alternately attached with bolts to the opposite 
flanges. 


1.4.8 Flexible-element coupling describes both disk and 
diaphragm couplings. A flexible-element coupling obtains 
its flexibility from the flexing of thin disks or diaphragms. 


1.4.9 Hydrodynamic bearings are bearings that use the 
principles of hydrodynamic lubrication. Their surfaces are 
oriented so that relative motion forms an oil wedge to sup- 
port the load without journal-to-bearing contact. 


1.4.10 Inlet volume flow refers to the flow rate deter- 
mined at the conditions of pressure, temperature, compress- 
ibility, and gas composition, including moisture, at the 
compressor inlet. Actual volume flow may be used to refer 
to flow at a number of locations and should, therefore, not 
be used interchangeably with inlet volume flow. 

Note: To determine inlet volume flow, allowance must be made for pressure 
drop through the inlet filter/silencer and other equipment in vendor's scope 
of supply. 

1.4.11 Local refers to a device mounted on or near the 
equipment or console. 


1.4.12 Material certificate of compliance is a document 
by which the vendor certifies that the material represented 
has been produced and tested in accordance with the require- 
ments of the basic material specification shown on the certificate. 


1.4.13 Maximum allowable temperature is the maximum 
continuous temperature for which the manufacturer has 
designed the equipment (or any part to which the term is 
referred) when handling the specified fluid at the specified 
pressure. 


1.4.14 Maximum allowable working pressure is the maxi- 
mum continuous pressure for which the manufacturer has 
designed the equipment (or any part to which the term is 


referred) when handling the specified fluid at the specified 
temperature. 


1.4.15 A panel is an enclosure used to mount, display, 
and protect gauges, switches, and other instruments. 


1.4.16 Pinion refers to a high-speed rotor or rotors. 


1.4.17 The pressure casing is the composite of all station- 
ary pressure-containing parts of the unit, including all noz- 
zles and other attached parts. 
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1.4.18 Pressure rise to surge is the difference between the 
discharge pressure at the rated operating point and that at 
the surge point when the unit is operating at rated inlet con- 
ditions. 


1.4.19 Radially split refers to casing joints that are trans- 
verse to the shaft centerline. 


1.4.20 The rated operating point is the point at which the 
vendor compares the tested rated operating point to certify 
that the performance is within the tolerances stated in this 
standard. 


1.4.21 Rated speed is the speed corresponding to the 
requirements of the rated operating point. 


1.4.22 Remote refers to a device located away from the 
equipment or console, typically in a control house. 


1.4.23 The shutdown point is a preset value of a parame- 
ter at which automatic or manual shutdown of the system is 
required. 


1.4.24 Standard flow is the flow rate expressed in volume 
flow rate. ISO standard flow rate is cubic meters per hour or 
minute (m7/h or m3/min) at an absolute pressure of 1.013 
bar, a temperature of 0°C and a relative humidity of 0 per- 
cent R.H. (Dry). U.S. customary units are standard cubic 
feet per minute (SCFM) or million standard cubic feet per 
day (MMSCED) at an absolute pressure of 14.7 pounds per 
square inch, a temperature of 60°F and a relative humidity 
of 0 percent R.H. (Dry). 


1.4.25 Standby service refers to a normally idle or idling 
piece of equipment that is capable of immediate automatic 
or manual start-up and continuous operation. 


1.4.26 The tested rated operating point is the test point 
corrected to the site conditions that is equal to or greater 
than the rated operating point without violating the toler- 
ances stated in this standard. 

Note: Items that refer to the rated operating point will refer to the tested 
operating point after test (see Figure 1). 

1.4.27 Total indicated runout (TIR), also known as total 
indicator reading, is the runout of a diameter or face deter- 
mined by measurement with a dial indicator. The indicator 
reading implies an out-of-squareness equal to the reading or 
an eccentricity equal to half the reading. 


1.4.28 Trip speed (revolutions per minute) is the speed at 
which the independent emergency overspeed device oper- 
ates to shut down a variable-speed prime mover (see Table 


1). 


1.4.29 Turndown is the percentage of change in capacity 
(referred to rated capacity) between the rated capacity and 


' American Gear Manufacturers Association, 1500 King Street, Alexandria, 
Virginia 22314. 
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the surge point capacity at rated discharge pressure when 
the unit is operating at rated inlet conditions. 


1.4.30 Unit responsibility refers to the responsibility for 
coordinating the technical aspects of the equipment and all 
auxiliary systems included in the scope of the order. It 
includes responsibility for reviewing such factors as the 
power requirements, speed, rotation, general arrangement, 
couplings, dynamics, noise, lubrication, sealing system, 
material test reports, instrumentation, piping, and testing of 
components. 


1.4.31 Vendor is the agency that manufactures, sells, and 
provides service support for the equipment. 


1.4.32 The use of the word design in any term (such as 
design power, design pressure, design temperature, or 
design speed) should be avoided in the purchaser's specifi- 
cations. This terminology should be used only by the equip- 
ment designer and the manufacturer. 


1.5 Referenced Publications 


1.5.1. This standard makes reference to American stan- 
dards. Other international or national standards may be 
used as mutually agreed between purchaser and vendor pro- 
vided it can be shown that these other standards meet or 
exceed the American standards referenced. 


1.5.2 The editions of the following standards, codes, and 
specifications that are in effect at the time of publication of 
this standard shall, to the extent specified herein, form a 
part of this standard. The applicability of changes in stan- 
dards, codes, and specifications that occur after the inquiry 
shall be mutually agreed upon by the purchaser and the ven- 
dor. 
AGMA! 
2000 Gear Classification and Inspection Handbook 
6011 Specification for High Speed Helical Gear 


Units 
API 

RP 520 Sizing, Selection and Installation of Pressure- 
Relieving Devices in Refineries, Part I, “Sizing 
and Selection,” and Part II, “Installation” 

Std526 Flanged Steel Safety-Relief Valves 

Std 541 Form-Wound Squirrel-Cage Induction 
Motors—250 Horsepower and Larger 

Std 546 Form-Wound Brushless Synchronous 
Motors—500 Horsepower and Larger 

Std 600 Steel Gate Valves—Flanged and Buttwelding 
Ends 

Std 602 Compact Steel Gate Valves 

Std 606 Compact Carbon Steel Gate Valves—Extended 
Body 

Std611 General-Purpose Steam Turbines for Refinery 
Service 
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Std 614 
Std 670 


Std 671 
Std 677 


RP 684 
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PACKAGED, INTEGRALLY GEARED CENTRIFUGAL AiR COMPRESSORS FOR PETROLEUM, CHEMICAL, AND GAS INDUSTRY SERVICES 


TYPICAL COMPRESSOR PERFORMANCE 
BASED ON SITE CONDITIONS 


Pressure 
rise to surge 
10% minimum 


Rated brake HP 


Rated discharge pressure 


J __¥_—+_—_—+_—+_—— Turndown ee 


Tested rated brake HP = rated brake HP + 4% maximum 


Flow 


Rated operating point 


Tested rated 
operating point 


ae 


Figure 1— Illustration of Terms 


Lubrication, Shaft-Sealing, and Control-Oil 
Systems for Special-Purpose Applications 
Vibration, Axial-Position, and Bearing-Tem- 
perature Monitoring Systems 

Special-Purpose Couplings for Refinery Service 
General-Purpose Gear Units for Refinery Ser- 
vice 

Tutorial on Rotor Dynamics, Torsional Analysis, 
and Rotor Balancing 


Unified Inch Screw Threads (UN and UNR 
Thread Form) 


2 American Society for Mechanical Engineers, 345 East 47th Street, New 
York, New York 10017. 
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B1.20.1 
B4.1 
B16.1 
B16.5 
B16.11 


B16.42 
B16.47 
B17.1 


B31.3 
PTC 10 


General Purpose (Inch) Pipe Threads 
Preferred Limits and Fits for Cylindrical Parts 
Cast Iron Pipe Flanges and Flanged Fittings 
Pipe Flanges and Flanged Fittings 

Forged Steel Fittings, Socket-Welding and 
Threaded 

Ductile Iron Pipe Flanges and Flanged Fittings, 
Class 150 and 300 

Large-Diameter Steel Flanges; NPS 26 
through NPS 60 

Keys and Keyseats 

Chemical Plant and Petroleum Refinery Piping 
Compressors and Exhausters 


Boiler and Pressure Vessel Code, Section II, “Material 
Specifications”; Section V, “Nondestructive Examination”; 
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4 API Stanoarp 672 
Table 1—Driver Trip Speeds A283 Specification for Low and Intermediate Tensile 
Strength Carbon Steel Plates 
Trip Speed A307 = Specification for Carbon Steel Bolts and Studs 
Driver (Percent of Rated Speed) 60,000 PSI Tensile Strength 
Steam Turbine A312 Specification for Seamless and Welded Austenitic 
NEMA Class A® 115 Stainless Steel Pipe 
NEMA Class B, C, D* 140 A 320 Specification for Alloy-Steel Bolting Materials 
Gas turbine 115 for Low-Temperature Service 
Vaeabie enced ietoe 110 A 338 = Specification for Malleable Iron Flanges, Pipe 
; j : Fittings, and Valve Parts for Railroad, Marine, 
Reciprocating engine es and Other Heavy Duty Services at Tempera- 
‘Indicates governor class as specified in NEMA SM 23. tures up to 650°F (345°C) 
A355 Specification for Steel Bars, Alloys, for Nitriding 
Section VIII, “Pressure Vessels”; and Section IX, “Welding A395 Specification for Ferritic Ductile Iron Pressure- 
and Brazing Qualifications.” Retaining Castings for Use at Elevated Tempera- 
Y14.2M Line Conventions and Lettering tures 
ASTM? A 403 Specification for Wrought Austenitic Stainless 
A27_— Specification for Carbon Steel Castings for peel ray mg Fittings 
General Application A449 Specification for Quenched and Tempered 
A48 Specification for Gray Iron Castings St eel Bolts and Studs 
A53 Specification for Welded and Seamless Zinc- A498 Sp ecification fi sae Seamless and Welded Carbon, 
Coated Black and Hot-Dipped Steel Pipe Ferritic, and Austenitic Alloy Steel Heat- 
A105 Specification for Carbon Steel Forgings for Exchanger Tubes with Integral Fins 
Piping Components A515 — Specification for Carbon Steel Pressure Vessels 
A106 = Specification for Seamless Carbon Steel Pipe for P lates fe or Intermediate and Higher-Temperature 
High-Temperature Service Service 
A108 — Specification for Standard Quality Cold-Finished A516 Specification for Carbon Steel Pressure Vessel 
Carbon Steel Bars Plates for Moderate and Lower-Temperature 
A120  Zinc-Coated (Galvanized) Welded and Seamless Service 
Steel Pipe for Ordinary Uses A536 Specification for Ductile Iron Castings 
A181 Specification for Carbon Steel Forgings for A564 Specification for Hot-Rolled and Cold-Finished 
General Purpose Piping Age-Hardening Stainless and Heat-Resisting 
A182 Specification for Forged or Rolled Alloy Steel Steel Bars, Wire, and Shapes 
Pipe Flanges, Forged Fittings and Valves, and A574 Specification for Alloy Steel Socket-Head Cap 
Parts for High- Temperature Services Screws 
A192 Specification for Seamless Carbon Steel Boiler B26 = Specification for Aluminum-Alloy Sand Cast- 
Tubes for High-Pressure Service ings 
A193 Specification for Alloy-Steel and Stainless Steel B209 = Specification for Aluminum and Aluminum- 
Bolting Materials for High-Temperature Service Alloy Sheet and Plate 
A194 — Specification for Carbon and Alloy Steel Nuts for E94 Standard Guide for Radiograph Testing 
Bolts for High-Pressure and High-Temperature E125 Standard Reference Photographs for Magnetic 
Service Particle Indication on Ferrous Castings 
A 234 = Specification for Piping Fittings of Wrought E142 Standard Method for Controlling Quality of 
Carbon Steel and Alloy Steel for Moderate and Radiographic Testing 
Elevated Temperatures E186 Standard Reference Radiographs for Heavy 
A269 = Specification for Seamless and Welded Austenitic Walled [(2 to 4.5 in.) (51 to 114 mm)] Steel 
Stainless Steel Tubing for General Service Castings 
A275 Method for Magnetic Particle Examination of E446 Standard Reference Radiographs for Steel 
Steel Forgings Castings up to 2 in. (SI mm) in Thickness 
A278 — Specification for Gray Iron Castings for Pressure- E527 Standard Practice for Numbering Metals and 
Containing Parts for Temperatures up to 650°F Alloys 
E709 Standard Guide for Magnetic Particle Exami- 


3American Society for Testing and Materials, 1916 Race Street, Philadelphia, 
Pennsylvania 19103. 
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Aws* NFPA!° 
D1.1_— Structural Welding Code-Steel 70 National Electrical Code 
IEEE> 496 Standard for Purged and Pressurized Enclosures 


841 Standard for Petroleum and Chemical Industry 
Severe Duty TEFC Squirrel-Cage Induction 
Motors Up to and Including 500 HP 
ISA® 
$5.1 Instrumentation Symbols and Identification 
ISO? 


228-1 Pipe Threads Where Pressure Tight Joints Are 
Not Made on the Threads—Part 1: Designa- 
tions, Dimensions, and Tolerances. 

3448 Standard Industrial Liquid Lubricants—ISO 
Viscosity Classification 
NACE’ 
Corrosion Engineers’ Reference Book 
NEMA? 
250 ~=Enclosures for Electrical Equipment (1000 Volts 
Maximum) 

ICS 6 = Enclosures for Industrial Controls and Sys- 

tems 
SM 23 Steam Turbines for Mechanical Drive Service 


Jor Electrical Equipment 


osHa!! 

29 Code of Federal Regulations, Section 1910 
SAE!? 

AMS- _ Steel Castings, Investment, Corrosion Resistant 

5353B 16Cr 1.8Ni 0.08N, As Cast 

J429 = Mechanical and Material Requirements for 
Externally Threaded Fasteners 

sspc? 


SP6 Surface Preparation Specification 

TEMA'4 

Standards of Tubular Exchanger Manufacturers Asso- 

ciation 
1.5.3 The purchaser and the vendor shall mutually deter- 
mine the measures that must be taken to comply with any 
governmental codes, regulations, ordinances, or rules that 
are applicable to the equipment. 


1.5.4 It is the vendor’s responsibility to invoke all appli- 
cable specifications to each subvendor. 


SECTION 2—BASIC DESIGN 


2.1 General 
2.1.1 SERVICE LIFE 


The equipment (including auxiliaries) covered by this 
standard shall be designed and constructed for a minimum 
service life of 20 years and at least 3 years of uninterrupted 
operation. It is recognized that this is a design criterion. 


2.1.2 UNIT RESPONSIBILITY 


The vendor shall assume unit responsibility for all equip- 
ment and auxiliary systems included in the scope of the order. 


4American Welding Society, 550 N.W. LeJeune Road, Miami, Florida 33135, 
SInstitute of Electrical and Electronics Engineers, 345 East 47th Street, New 
York, New York 10017-2394. 

SInstrument Society of America, 67 Alexander Drive, PO. Box 12277, Research 
Triangle Park, North Carolina 27709. 

International Organization for Standardization. ISO publications are available 
from the American National Standards Institute, 11 West 42nd Street, New York, 
New York 10036. 

8National Association of Corrosion Engineers, P.O. Box 218340, Houston, 
Texas 77218. 

National Electrical Manufacturers Association, 2101 L Street N.W., Washington, D.C. 
!ONational Fire Protection Association, 1 Batterymarch Park, Quincy, Massa- 
chusetts 02269. 

‘1Qccupational Safety and Health Administration, U.S. Department of Labor, 
Washington, D.C. 20402. 

!2Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, 
Pennsylvania 15096. 

13Steel Structures Painting Council, 4400 Fifth Avenue, Pittsburg, Pennsylvania 
15213-2683. 

'4Tubular Exchange Manufacturers Association, 25 North Broadway, Tarry- 
town, New York 10591. 


®2.1.3 RATED OPERATING POINT 


The purchaser will specify the equipment’s rated operat- 
ing point. 


#2.1.4 SOUND PRESSURE LEVEL 


Control of the sound pressure level (SPL) of all equipment 
furnished shall be a joint effort of the purchaser and the ven- 
dor. The equipment furnished by the vendor shall conform 
to the maximum allowable SPL specified by the purchaser. 


2.1.5 PACKAGED EQUIPMENT 


The vendor shall provide, as a minimum, the equipment 
listed below (referred to herein as a package), packaged to 
meet the specified operating conditions: 


a. A centrifugal compressor with integral speed-increasing 
gear unit. 
b. Intercoolers, moisture separators, and V-notched gate 
drain valves. 
c. An inlet throttle device (a valve or variable-inlet guide vanes). 
ed. A driver (motor or turbine as specified). 
Couplings and guards. 
A lube-oil system. 
. A vibration monitoring system. 
. Controls and instrumentation. 
An instrument and control panel. 
A common baseplate. 


oo og oho 
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2.1.6 SHIPPED LOOSE EQUIPMENT 


The vendor shall provide the accessory equipment listed 
below to meet the specified operating conditions. The 
equipment shall be either packaged or included within the 
scope of supply and shipped loose. 

a. An aftercooler with moisture separator with a V-notched 
gate drain valve. 

b. A discharge check valve (steel). 

c. A discharge blowoff valve (steel). 

d. An air intake filter-silencer. 

e. A blowoff silencer. 


e2.1.7 STANDBY SERVICE 


When standby service is specified, the vendor shall pro- 
vide all necessary controls and protective systems to allow 
automatic and manual startup. 


2.1.8 MECHANICAL DESIGN INTEGRITY 


Equipment shall be designed to run to the trip speed and 
maximum allowable working pressure without damage. 


2.1.9 ENVIRONMENTAL CONDITIONS 


The purchaser will specify whether the installation is 
indoors (heated or unheated) or outdoors (with or without a 
roof), as well as the weather and environmental conditions 
in which the equipment must operate (including maximum 
and minimum temperatures, unusual humidity, and dusty or 
corrosive conditions). 


2.1.10 COOLING WATER SYSTEMS 


Unless otherwise specified, cooling water systems shall 
be designed for the following conditions: 


Velocity over heat exchange 1.5-2.5 m/s 5-8 ft/s 
surfaces 
Maximum allowable working 26.9 bar 2100 psig 
pressure (MAWP)?* 
Test pressure (21.5 x MAWP) 210.4 bar 2150 psig 
Maximum pressure drop 1 bar 15 psi 
Maximum inlet temperature 30°C 90°F 
Maximum outlet temperature 50°C 120°F 
Maximum temperature rise 20K 30°F 
Minimum temperature rise 10K 20°F 
Fouling factor on water side 0.35m2K/AW 0.002hrft2°F/Btu 
Shell corrosion allowance 3mm 0.125 in. 


Note: The vendor shall notify the purchaser if the criteria for minimum 
temperature rise and velocity over heat exchanger surfaces result in a con- 
flict, The criterion for velocity over heat exchange surfaces is intended to 
minimize water-side fouling; the criterion for minimum temperature rise is 
intended to minimize the use of cooling water. The purchaser will approve 
the final selection. m = meter; / = per; s = second; ft = foot; psig = pounds 
per square inch; kW = kilowatt; hr = hour; Btu = British thermal unit; mm 
= millimeter; in. = inch. 

4Gauge pressure. 
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Provision shall be made for complete venting and drain- 
ing of the system or systems. 


2.1.11 OIL RESERVOIRS AND HOUSINGS 


Oil reservoirs and housings that enclose moving lubri- 
cated parts (such as bearings, shaft seals, highly polished 
parts), instruments, and control elements shall be designed 
to minimize contamination by moisture, dust, and other for- 
eign matter during periods of operation and idleness. 


2.1.12 PACKAGE ARRANGEMENT 


The arrangement of the package (including piping cool- 
ers, pumps, and controls) shall provide adequate clearance 
areas and safe access for operation and maintenance. 


©2.1.13 MOTORS AND ELECTRICAL COMPONENTS 


Motors, electrical components, and electrical installations 
shall be suitable for the area classification (class, group, and 
division or zone) specified by the purchaser and shall meet 
the requirements of NFPA 70, Articles 500, 501, 502, 504 
and 505 as well as local codes specified and furnished by 
the purchaser. 


2.1.14 PERFORMANCE CRITERIA 


The package shall perform on the test stand and on its 
permanent foundation within the specified acceptance crite- 
ria. After installation, the performance of the package 
shall be the joint responsibility of the purchaser and the 
vendor. 


e2.1.15 PRELIMINARY REVIEW 


Many factors (such as piping loads, alignment at operat- 
ing conditions, supporting structure, handling during ship- 
ment, and handling and assembly at the site) may adversely 
affect site performance. To minimize the influence of these 
factors, the vendor shall review and comment on the pur- 
chaser's piping and foundation drawings. When specified, 
the vendor's representative shall do the following: 


a. Observe a check of the piping performed by parting the 
flanges. 

b. Be present during the initial alignment check. 

c. Check alignment at the operating temperature. 


2.1.16 SPARE PARTS 


Spare parts for the package components shall meet all the 
criteria of this standard. 


2.1.17 NOMENCLATURE GUIDE 


A guide to the compressor nomenclature of this standard 
can be found in Appendix B. 
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2.2 Integrally Geared Compressor 
2.2.1 GENERAL 


2.2.1.1 All equipment shall be designed to permit rapid 
and economical maintenance. Major parts such as casing 
components and bearing housings shall be designed (shoul- 
dered or cylindrically doweled) and manufactured to ensure 
accurate alignment on reassembly. 


2.2.1.2 The compressor’s aerodynamic performance shall 
be such that a continuously rising compressor total head 
curve is developed. The compressor total head curve shall be 
developed from the differential pressure measurement between 
the compressor inlet flange and the final-stage discharge flange. 


2.2.1.3 The specified rated capacity at the rated discharge 
pressure shall be met or exceeded without exceeding the 
rated power value by more than 4 percent. 


2.2.1.4 When the compressor is operating at rated operat- 
ing conditions, the combined performance (impellers, dif- 


fusers, intercoolers, and so forth) shall provide a minimum ° 


of 10 percent pressure rise from rated capacity to surge 
while operating at rated speed and at the greatest specified 
operating ambient temperature (see Figure 1). 


2.2.1.5 The use of tapped holes in pressure parts shall be 
minimized, To prevent leakage in pressure sections of cas- 
ings, metal equal in thickness to at least half the nominal 
bolt diameter, in addition to the allowance for corrosion, 
shall be left around and below the bottom of drilled and 
tapped holes. The depth of the tapped holes shall be at least 
one and one-half times the stud diameter. 


2.2.1.6 Studded connections shall be furnished with studs 
and nuts installed. Blind stud holes should be drilled only 
deep enough to allow a preferred tap depth of one and one- 
half times the major diameter of the stud; the first one and 
one-half threads at both ends of each stud shall be removed. 


2.2.1.7 Bolting shall be furnished as specified in 2.2.1.7.1 
through 2.2.1.7.5. 


2.2.1.7.1. The details of threading shall conform to 
ASME B1.1. 


2.2.1.7.2 Studs are preferred to cap screws. 


2.2.1.7.3 Adequate clearance shall be provided at bolting 
locations to permit the use of socket or box wrenches. 


2.2.1.7.4 Internal socket-type, slotted-nut, or spanner- 
type bolting shall not be used unless specifically approved 
by the purchaser. 


2.2.1.7.5 Stud ASTM Grade marking shall be located on 
the nut end of the exposed stud end. 


2.2.1.8 Jackscrews, guide rods, and cylindrical casing- 
alignment dowels shall be provided to facilitate disassembly 
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and reassembly. When jackscrews are used as a means of 
parting contacting faces, one of the faces shall be relieved 
{counterbored or recessed) to prevent a leaking joint or 
improper fit caused by marring of the face. Guide rods shall 
be of sufficient length to prevent damage to the internals or 
casing studs by the casing during disassembly and reassem- 
bly. Lifting lugs or eyebolts shall be provided for lifting 
only the top half of the casing. 


2.2.1.9 The machined finish of the mounting surface shall 
be 3-6 micrometers (125-250 microinches) arithmetic aver- 
age roughness (R,). Hold-down or foundation bolt holes 
shall be drilled perpendicular to the mounting surface or sur- 
faces and spot faced to a diameter three times that of the hole. 


2.2.2 PRESSURE CASINGS 


2.2.2.1 The hoop-stress values used in casing design for 
any given material shall not exceed the maximum allowable 
values given for that material at the maximum allowable 
temperature in Section II, Part D of the ASME Boiler and 
Pressure Vessel Code. For cast materials, the factor speci- 
fied in Section VIII, Division 1 of the ASME Code shall be 
applied. The thickness of the casing shall be suitable for the 
maximum working and test pressure and shall include a cor- 
rosion allowance of at least 3 millimeters (0.125 inch). 


2.2.2.2 Casing supports and alignment bolts shall be rigid 
enough to permit the machine to be moved by the use of its 
lateral and axial jackscrews. 


2.2.2.3 The equipment feet shall be provided with verti- 
cal jackscrews and shall be drilled with pilot holes that are 
accessible for use in final doweling. 


2.2.3 CASING CONNECTIONS 


©2.2.3.1 The first-stage inlet and final-stage outlet connec- 
tions shall be flanged or machined and studded, and oriented 
as specified. All interstage and final-stage outlet connections 
shall be suitable for the maximum allowable working pressure. 


2.2.3.2 Connections welded to the casing shall meet the 
material requirements of the casing, including impact val- 
ues, rather than the requirements of the connected piping. 
(see 2.2.10.4.6). All welding of connections shall be done 
before hydrostatic testing (see 4.3.2), 


2.2.3.3 Casing openings for pipe connections shall be at 
least NPS '/2 and shall be flanged or machined and studded. 
Where flanged or machined and studded openings are 
impractical, threaded openings in sizes NPS '/2 through 1'/2 
are permissible. These threaded openings shall be installed 
as specified in 2.2.3.3.1 through 2.2.3.3.6. 


2.2.3.3.1 Pipe nipples, preferably not more than 150 mil- 
limeters (6 inches) long, shall be screwed into threaded 
openings. 
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2.2.3.3.2 Pipe nipples shall be a minimum of Schedule 
160 seamless for NPS 1 and smaller and a minimum of 
Schedule 80 seamless for NPS 11/2 and larger. 


2.2.3.3.3 Pipe nipples shall be provided with welding- 
neck or socket-weld flanges. 


2.2.3.3.4 Nipple and flange materials shali meet the 
requirements of 2.2.3.2. 


2.2.3.3.5 Tapped openings and bosses for pipe threads 
shall conform to ASME B16.5. 


2.2.3.3.6 Pipe threads shall be taper threads conforming 
to ASME B1.20.1. 


2.2.3.4 Openings for NPS 14/4, 2'/2, 3'/, 5, 7, and 9 shall 
not be used. 


2.2.3.5 Tapped openings not connected to piping shall be 
plugged with solid, round-head steel plugs furnished in 
accordance with ASME B16.11. As a minimum, these 
plugs shall meet the material requirements of the casing. 
Plugs that may later require removal shall be of corrosion- 
resistant material. A lubricant that meets the proper temper- 
ature specification shall be used on all threaded connections. 
Tape shall not be applied to threads of plugs inserted into oil 
passages. Plastic plugs are not permitted. 


2.2.3.6 Flanges shall conform to ASME B16.1, B16.5, 
B16.42, or B16.47 as applicable except as specified in 
2.2.3.6.1 through 2.2.3.6.3. Class 200 and 400 flanges shall 
not be used. 


2.2.3.6.1 Cast iron flanges shall be flat faced and shall 
have a minimum thickness of Class 250 per ASME B16.1 
for NPS 8 and smaller. 


2.2.3.6.2 Flat-faced flanges with full raised-face thick- 
ness are acceptable on casings other than cast iron. 


2.2.3.6.3 Flanges that are thicker or have a larger outside 
diameter than required in ASME B16.5 or B16.47 are 
acceptable. 


2.2.3.7 Connections other than those covered by 2.2.3.6 
require the purchaser’s approval. Unless otherwise speci- 
fied, mating parts for these nonstandard flanges shall be fur- 
nished by the vendor. 


2.2.3.8 Machined and studded connections shall conform 
to the facing and drilling requirements of ASME B16.1, 
B16.5, B16.42, or B16.47. Studs and nuts shall be fur- 
nished installed. The first one and one-half threads at both 
ends of each stud shall be removed. 


2.2.3.9 All of the purchaser's connections shall be acces- 
sible for disassembly without moving either the integrally 
geared compressor or the driver. 
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2.2.4 EXTERNAL FORCES AND MOMENTS 


2.2.4.1. The maximum allowable forces and moments that 
may be imposed on the package by the purchaser’s piping, 
without the use of expansion joints, shall be stated in the 
proposal. 


2.2.4.2. The maximum allowable forces and moments 
shall be shown on the outline drawing. 


2.2.5 ROTATING ELEMENTS 
2.2.5.1 Shafts 
2.2.5.1.1 Shafts shall be forged or hot-rolled alloy steel. 


2.2.5.1.2 Shafts shall be machined throughout their entire 
length. They shall have a surface finish of 0.8 micrometer 
(32 microinches) arithmetic average roughness (R,) or better 
at bearing surfaces. 


2.2.5.1.3 The rotor shaft sensing areas to be observed by 
radial vibration probes shall be concentric with the bearing 
journals. All shaft sensing areas shall be free from stencil 
and scribe marks or any other surface discontinuity, such as 
an oil hole or keyway, for a minimum of one probe tip diam- 
eter on each side of the probe. These areas shall not be met- 
allized, sleeved, or plated. The final surface finish shall be a 
maximum of 0.8 micrometer (32 microinches) R,, prefera- 
bly obtained by honing or burnishing. These areas shall be 
demagnetized or otherwise treated so that the combined 
total electrical and mechanical runout shall not exceed 25 
percent of the maximum allowed peak-to-peak vibration 
amplitude or 6 micrometer (0.25 mil), whichever is 
greater. 


2.2.5.1.4 Chrome plating of the shaft at the journal area 
is unacceptable. 


2.2.5.1.5 Keyways shall have fillet radii conforming to 
ASME B17.1. 


2.2.5.2 Impellers 


2.2.5.2.1 Impellers shall be stainless steel. 


2.2.5.2.2 The vendor’s proposal shall describe in detail 
the type of construction and the method of attachment to the 
shaft. 


2.2.5.3 Gears 


2.2.5.3.1 As a minimum, gears shall be manufactured to 
the tolerances specified in AGMA 2000, Quality Number 13. 


2.2.5.3.2 The gear unit shall be rated in accordance with 
AGMA 6011 using minimum service factors of 1.4 for 
motor driven units and 1.6 for steam-turbine-driven units. 
The rating shall be based on the driver nameplate rating, 
including any service factor. 
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2.2.5.3.3 Bull-gear and pinion hardness combinations 
shall be in accordance with the values recommended in 
AGMA 6011. Brinell hardness numbers of 275 and 320 or 
greater for bull gear and pinion, respectively, are preferred. 
The calculated values of gear-rated power, based on both 
tooth surface durability and tooth bending strength, shall be 
included in the vendor's proposal. 


2.2.5.3.4 The tooth portion of pinions shall be integrally 
forged with their shaft. 


2.2.5.3.5 The bull gear may be integral with or separate 
from its shaft. A separate gear shall be of forged or fabri- 
cated construction using a forged-steel rim and shall be 
assembled on the shaft with an interference fit. 


2.2.6 SEALS AND SEALING SYSTEM 


2.2.6.1 Air and oil shaft seals shall be provided to achieve 
the following: 


a. Contain compressed air inside the compressor casings. 

b. Prevent oil from entering the compressor casings and 
contaminating the compressed air. 

c. Prevent oil from leaking out of the gear casing into the 
atmosphere. 

d. Prevent atmospheric air from entering any gear or com- 
pressor casing that could allow contamination of the oil sys- 
tem or compressed air by dirt or moisture 


An atmospheric space between the air and oil seals is pre- 
ferred. 


2.2.6.2 Unless otherwise specified, the sealing system 
shall be furnished complete with piping, switches, pressure 
gauges, filters, and necessary start-up interlocks. Each item 
shall be: piped and valved to permit replacement while the 
compressor is operating. This system, including air con- 
sumption, shall be fully described in the proposal. 


2.2.6.3 Seal operation shall be suitable for all specified 
operating conditions, including suction throttling, startup, 
shutdown, standby, and momentary surge. The type of 
standby operation shall be agreed upon by the purchaser and 
the vendor. 


2.2.7 DYNAMICS 
2.2.7.1 Critical Speeds 


2.2.7.1.1 For a definition of critical speeds, refer to 
Appendix C. 


2.2.7.1.2 Resonances of structural support systems may 
adversely affect the rotor vibration amplitude. Therefore, 
resonances of structural support systems that are within the 
vendor's scope of supply and that affect the rotor vibration 
amplitude shall not occur within the specified separation 
margins (see C.2.4, Appendix C) unless the resonances are 
critically damped. 
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2.2.7.1.3 The vendor shall determine that the drive-train 
(turbine, gear, motor, and the like) critical speeds (rotor lat- 
eral, system torsional, blading modes, and the like) will not 
excite any critical speed of the machinery being supplied 
and that the entire train is suitable for the rated speed, any 
starting-speed detent (hold-point) requirements of the train, 
and, when the driver is not a motor, any speed from rated 
speed to the trip speed. A list of all undesirable speeds from 
zero to trip shall be submitted to the purchaser for his 
review and included in the instruction manual for his guid- 
ance (see Appendix G, Item 34d). 


2.2.7.2 Lateral Analysis 


2.2.7.2.1 With the purchaser’s approval, the vendor’s 
standard critical speed values that have been analytically 
derived and proven by testing of previously manufactured 
compressors of the same frame size are acceptable. 


2.2.7.2.2 When specified, the vendor shall provide a 
damped unbalanced response analysis for each machine to 
assure acceptable amplitudes of vibration at any speed from 
zero to trip. 


2.2.7.2.3 When a damped unbalanced response analysis 
is required, it shall be conducted and confirmed by test stand 
data in accordance with Appendix C. 


2.2.7.3 Torsional Analysis 


©2.2.7.3.1 When specified, the vendor shall perform a tor- 
sional vibration analysis of the complete coupled train and 
shall be responsible for directing the modifications neces- 
sary to meet the requirements of 2.2.7.3.2 through 2.2.7.3.5. 


2.2.7.3.2 Excitations of undamped torsional natural fre- 
quencies may come from many sources, which should be 
considered in the analysis. These sources may include but 
are not limited to the following: 


a. Gear phenomena such as unbalance and pitch line 
runout. 

b, Startup conditions such as speed detents and other tor- 
sional oscillations. 

c. Torsional transients such as start-ups of synchronous 
electric motors and transients due to generator phase-to- 
phase fault or phase-to-ground fault. 

d. Torsional excitation resulting from drivers. 

e. One and two times line frequency. 

f. Running speeds. 


2.2.7.3.3 The undamped torsional natural frequencies of 
the complete train shall be at least 10 percent above or 10 
percent below any possible excitation frequency. 


2.2.7.3.4 Torsional criticals at two or more times running 
speeds shall preferably be avoided or, in systems in which 
corresponding excitation frequencies occur, shall be shown 
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to have no adverse effect. In addition to multiples of run- 
ning speeds, torsional excitations that are not a function of 
running speeds or that are nonsynchronous in nature shall 
be considered in the torsional analysis when applicable and 
shall be shown to have no adverse effect. Identification of 
these frequencies shall be the mutual responsibility of the 
purchaser and the vendor. 


2.2.7.3.5 When torsional resonances are calculated to fall 
within the margin specified in 2.2.7.3.3 (and the purchaser 
and the vendor have agreed that all efforts to remove the 
critical from within the limiting frequency range have 
been exhausted), a stress analysis shall be performed to 
demonstrate that the resonances have no adverse effect 
on the complete train. The acceptable criteria for this 
analysis shall be mutually agreed upon by the purchaser 
and vendor. 


2.2.7.3.6 The vendor shall perform a transient torsional 
vibration analysis for synchronous-motor-driven units. The 
acceptance criteria for this analysis shall be mutually agreed 
upon by the purchaser and the vendor. 


2.2.7.4 Vibration and Balancing 


2.2.7.4.1. Major parts of the rotating elements, such as the 
shaft and impellers, shall be dynamically balanced. When a 
bare shaft with a single keyway is dynamically balanced, 
the keyway shall be filled with a fully crowned half-key. 
The initial balance correction to the bare shaft shall be 
recorded. A shaft with keyways 180 degrees apart but not in 
the same transverse plane shall also be filled as described in 
the preceding. 


2.2.7.4.2 The rotating elements shall be multiplane 
dynamically balanced during assembly. This shall be 
accomplished after the addition of each major component. 
Balancing correction shall be applied only to the elements 
added. Balancing of impellers by welding is prohibited. 
Minor correction of other components may be required dur- 
ing the final trim balancing of the completely assembled 
element. In the sequential balancing process, any half-keys 
used in the balancing of the bare shaft (see 2.2.7.4.1) shall 
continue to be used until they are replaced with the final key 
and mating element. On rotors with single keyways, the 
keyway shall be filled with a fully crowned half-key. The 
weight of all half-keys used during final balancing of the 
assembled element shall be recorded on the residual unbal- 
ance work sheet (see Appendix D). The maximum allow- 
able residual unbalance per plane (journal) shall be 
calculated as follows: 


In SI units: 


Umax = 6350W/N for N < 25,000 rpm (1a) 
Umax = 6350W/25,000 for N > 25,000 rpm (1b) 
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In customary units: 


Umax = 4W/N for Ns 25,000 rpm 
Umax = 4W/25,000 for N > 25,000 rpm 


Where: 


Umax = residual unbalance, in gram-millimeters (ounce- 
inches). 
W =journal static weight load, in kilograms (pounds). 
N_ =rated speed, in revolutions per minute (rpm). 


Note: Balance tolerance above 25,000 rpm is based on an eccentricity of 
0.25 micrometer (10 microinches) for each journal static weight load. 
Unbalance readings are measured at each journal-bearing position with no 
compensation to actual balance planes. 


When spare rotating elements are supplied, they shall be 
dynamically balanced to the same tolerances as the main 
rotating elements. 


@ 2.2.7.4.3 When specified, after the final balancing of 
each assembled rotating element has been completed, a 
residual unbalance check shall be performed and recorded 
in accordance with the residual unbalance work sheet (see 
Appendix D). 


2.2.7.4.4 During the shop test of the machine, assembled 
with the balanced rotors, operating at its rated speed, the 
peak-to-peak amplitude of unfiltered vibration in any plane, 
measured on the shaft adjacent and relative to each radial 
bearing, shall not exceed the following value or 50 
micrometers (2.0 mils), whichever is less: 


In SI units: 


fi2, 000 
A = 25.4 — (2) 
In customary units, 
/i2, 000 
os N 


A = amplitude of unfiltered vibration, in micrometers 
(mil) true peak to peak. 
N =rated speed, in revolutions per minute. 


Where: 


At any speed greater than the rated speed, up to and 
including the trip speed of the driver, the vibration shall not 
exceed 150 percent of the maximum value recorded at the 
rated speed. (For motor driven compressors, trip speed and 
rated operating speed are synonymous.) 


Note: These limits are not to be confused with the limits specified in 
Section C.3 of Appendix C for shop verification of unbalanced 
response. 
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2.2.7.4.5 Electrical and mechanical runout shall be deter- 
mined and recorded by rolling the rotor in V blocks at the 
journal centerline while measuring runout with a noncon- 
tacting vibration probe and a dial indicator at the centerline 
of the probe location and one probe-tip diameter to either 
side. 


2.2.7.4.6 Accurate records of electrical and mechanical 
runout for the full 360 degrees at each probe location shall 
be included in the mechanical test report. 


2.2.7.4.7 If the vendor can demonstrate that electrical or 
mechanical runout is present, the demonstrated runout may 
be vectorially subtracted from the vibration signal measured 
on the factory test, up to a maximum of 25 percent of the 
allowable vibration level calculated from Equation 2 
(2.2.7.4.4) or 6 micrometers (0.25 mil), whichever is 
greater. 


2.2.8 BEARINGS AND BEARING HOUSINGS 
2.2.8.1 General 


2.2.8.1.1. Hydrodynamic radial and thrust bearings shall 
be provided. 


2.2.8.1.2 Bearings shall be designed to prevent their 
installation backwards and/or upside down. 


2.2.8.2 Radial Bearings 


2.2.8.2.1 Radial bearings shall be designed for ease of 
assembly, precision bored and of the sleeve or pad type with 
steel-backed, babbitted replaceable liners, pads, or shells. 
These bearings shall be equipped with antirotation pins and 
shall be positively secured in the axial direction. 


2.2.8.2.2 The bearing design shall suppress hydrody- 
namic instabilities and provide sufficient damping over the 
entire range of allowable bearing clearances to limit rotor 
vibration to the maximum specified amplitudes (see 
2.2.7.4.4) while the equipment is operating loaded or 
unloaded at the rated operating speed. 


2.2.8.3 Thrust Bearings 


2.2.8.3.1 Thrust bearings shall be selected at no more 
than 50 percent of the bearing manufacturer’s ultimate load 
rating. The ultimate load rating is the load that will produce 
the minimum acceptable oil-film thickness without inducing 
failure during continuous service or the load that will not 
exceed the creep-initiation or yield strength of the babbitt at 
the location of maximum temperature on the pad, whichever 
is less. In sizing thrust bearings, consideration shall be 
given to the following for each specific application: 


a. The shaft speed. 
b. The temperature of the bearing babbitt. 
c. The deflection of the bearing pad. 
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d. The minimum oil-film thickness. 

e. The feed rate, viscosity, and supply temperature of the 
oil. 

f. The design configuration of the bearing. 

g. The babbitt alloy. 

h. The turbulence of the oil-film. 


‘\ 

In addition to thrust from the rotor and any internal 
gear reactions due to the most extreme allowable condi- 
tions, the axial force transmitted through the flexible cou- 
pling shall be considered a part of the duty of any thrust 
bearing. 


2.2.8.3.2 When gear-type couplings are applied, the exter- 
nal thrust force shall be calculated from the following for- 
mula: 


In SI units: 


(0.25)( 9,550) P, 
Fe aaa (et are (3) 


In customary units: 


0.25)( 63,000) P 
fe (0.25)( )P, 


N,D 
Where: 
F = external force, in kilonewtons (pounds). 
Pr = rated power, in kilowatts (horsepower). 
Nr = rated speed, in revolutions per minute. 
D = shaft diameter at the coupling, in millimeters 


(inches). 
Note: Shaft diameter is an approximation of the coupling pitch radius. 


2.2.8.3.3 Thrust forces for flexible-element couplings 
shall be calculated on the basis of the maximum allowable 
deflection permitted by the coupling manufacturer. 


2.2.8.3.4 If two or more rotor thrust forces are to be car- 
ried by one thrust bearing (such as in a gear box), the result- 
ant of the forces shall be used provided the directions of the 
forces make them numerically additive; otherwise, the larg- 
est of the forces shall be used. 


2.2.8.3.5 Thrust bearings shall be steel backed, babbitted, 
and arranged for continuous pressurized lubrication. Inte- 
gral thrust collars are preferred. When replaceable collars 
are furnished (for assembly and maintenance purposes), 
they shall be positively locked to the shaft to prevent fret- 
ting. The faces of the collar shall have a surface finish of 
not more than 0.4 micrometer (16 microinches) R,, and the 
axial total indicator runout of either face shall not exceed 12 
micrometers (0.0005 inch), 


2.2.8.3.6 Thrust bearings shall be arranged to allow axial 
positioning of each rotor relative to the casing and setting of 
the bearings’ clearance or preload. 
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2.2.8.4 Bearing Housings 


2.2.8.4.1. Bearing housings shall be arranged to minimize 
foaming. The drain system shall be adequate to maintain 
the oil and foam level below shaft end seals. The rise in oil 
temperature through the bearing and housings shall not 
exceed 30°C (50°F) under the most adverse specified oper- 
ating conditions. The bearing outlet oil temperature shall 
not exceed 80°C (180°F). When the inlet oil temperature 
exceeds 50°C (120°F), special consideration shall be given 
to bearing design, oil flow, and allowable temperature rise. 
Oil outlets from thrust bearings shall be tangential and in 
the upper half of the control ring or, if control rings are not 
used, in the thrust-bearing cartridge. Oil connections on 
bearing housings shall be in accordance with 2.2.3. 


2.2.8.4.2 Bearing housings shall be equipped with 
replaceable labyrinth-type end seals and deflectors where 
the shaft passes through the housing; lip-type seals shall not 
be used. The seals and deflectors shall be made of nonspar- 
king materials. The design of the seals and deflectors shall 
effectively retain oil in the housing and prevent entry of for- 
eign material into the housing. 


2.2.8.4.3 Axially split bearing housings shall have a 
metal-to-metal split joint whose halves are located by means 
of cylindrical dowels. 


@2.2.8.4.4 When specified, thrust bearings and radial bear- 
ings shall be fitted with bearing-metal temperature sensors 
installed in accordance with API Standard 670. 


2.2.9 LUBRICATION 


2.2.9.1 Unless otherwise specified, bearings and bearing 
housings shall be arranged for hydrocarbon oil lubrication. 


2.2.9.2 A pressurized oil system shall be furnished to 
supply oil at a suitable pressure or pressures, as applicable, 
to the following: 


a. The bearings of the integrally geared compressor. 
b. The spray nozzles for the gear teeth. 
ec. The bearings of the driver when specified. 


2.2.9.3. Where oil is supplied from a common system to 
two or more components of the package (such as a compres- 
sor, a gear, and a motor), the oil’s characteristics will be 
specified on the data sheets by the purchaser on the basis of 
mutual agreement with all vendors supplying equipment 
served by the common oil system. 


Note: The usual lubricant employed in a common oil system is a hydrocar- 
bon oil that corresponds to ISO Grade 32, as specified in ISO 3448. 


2.2.9.4 Any points that require grease lubrication shall have 
suitable extension lines to permit access during operation. 


2.2.9.5 Pressure lubrication systems shall, as a minimum, 
consist of main and standby positive displacement oil 
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pumps with suction strainers, supply-and-return system, an 
oil cooler, twin full-flow filters, a low lube-oil pressure shut- 
down switch, and other necessary instruments. (Refer to 
Figure 2 for a typical schematic drawing of a lube oil sys- 
tem.) The requirements of 2.2.9.5.1 through 2.2.9.5.9 shall 


apply. 


2.2.9.5.1 
Steel. 


2.2.9.5.2 The main oil pump shall be shaft driven. Unless 
otherwise specified, the standby pump shall be automati- 
cally controlled and separately driven by an electric motor. 
Each pump shall be capable of supplying a minimum of 120 
percent of the normal oil flow required by the equipment, at 
the relief-valve set pressure. The required pump shaft power 
shall not exceed the driver nameplate rating with the pump 
delivering lube oil at the relief-valve set pressure and with 
the oil at the maximum viscosity expected at the vendor’s 
minimum allowable oil temperature. This temperature shall 
be stated in the vendor’s proposal. Oil pumps shall be sized 
so that they can each deliver the required capacity when 
pumping lube oil at the highest temperature and correspond- 
ing minimum viscosity. 


Oil-containing pressure components shall be 


2.2.9.5.3 Individual external relief valves shall be pro- 
vided for each positive displacement pump. These valves 
shall function only to protect the pumps from overpressure. 
Relief valves for all operating equipment shall meet the lim- 
iting relief valve requirements defined in API Recom- 
mended Practice 520, Parts I and II. Relief valves shall be 
set to operate at not more than the maximum allowable 
working pressure but not less than 110 percent of the rated 
pressure or the rated pressure plus 1.7 bar (25 pounds per 
square inch), whichever is greater. The vendor shall deter- 
mine the sizes and set pressures of all relief valves related to 
the equipment. 


2.2.9.5.4 A separate direct-acting back-pressure control 
valve with manual bypass shall be provided. The control 
valve shall be sized to maintain system pressure with both 
oil pumps operating. 


2.2.9.5.5 An oil cooler shall be provided to maintain the 
oil supply temperature at or below 50°C (120°F). Unless 
otherwise specified, the cooler shall be of a water-cooled, 
shell-and-tube type. Shell-and-tube coolers shall have water 
on the tube side. A removable-bundle design is required for 
coolers with more than 0.45 square meter (5 square feet) of 
surface unless otherwise specified. _ Removable-bundle 
coolers shall be in accordance with TEMA Class C and 
shall be constructed with a removable channel cover. Tubes 
shall not have an outside diameter of less than 15 millime- 
ters (5/8 inch), and the tube wall shall not have a thickness 
of less than 18 BWG [1.25 millimeters (0.049 inch)]. 
Unless otherwise specified, cooler shells, channels, and cov- 
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Symbols Abbreviations 
Flow indicator D Drain 

ES Electronic supply 
Check valve FG Flow glass 

FO Flow restriction orifice 
Six-way valve ee Level gauge 

LS Level switch 

LAL Level alarm-—low 


Block valve 


Three way valve 


Pressure relief valve 


Pressure control valve 


Local mount 


Panel mounted 


Shared display 


Va 
iN 


MOO whee XBW o 


Strainer 


“| 


N.O. Normally open 
PCV Pressure control valve 


PRV Pressure relief valve 

PDI Pressure differentiat indicator 
PDS Pressure differential switch 
PDAH _ Pressure differential alarm—high 
PI Pressure indicator 

PT Pressure transmitter 

PAL Pressure alarm—low 

PALL Pressure alarm—tow, low 
RO Restriction orifice 

TE Temperature element 

TAL Temperature alarm—low 
TAH Temperature alarm—high 

Tl Temperature indicator 

TC Temperature controller 

TOV Temperature control valve 

Vv Vent 


Note: The abbreviations and symbols in the key are used in the schematics presented in 
Figure 2. Some of the abbreviations and symbols listed are from ISA S5.1. 


Figure 2—Typical Pressure Lubrication System (Continued) 


ers shall be of steel; tube sheets shall be of brass; and tubes 
shall be of inhibited admiralty. U-bend tubes are not per- 
mitted. Each cooler shall be sized to accommodate the total 
cooling load. To prevent the oil from being contaminated if 
the cooler fails, the oil-side operating pressure shall be 
higher than the water-side operating pressure. Coolers shall 
be equipped with vent and drain connections on their oil and 
water sides. Internal oil coolers are not acceptable. A three- 
port oil temperature control valve with a manual override or 
bypass and flanged steel construction shall be provided in 
the oil circuit to maintain a constant oil temperature to the 
equipment. 


e@2.2.9.5.6 Twin full-flow filters with replaceable elements 
and filtration of 10 microns nominal or finer shall be sup- 
plied. The filters shall be located downstream of the coolers 
and shall be supplied complete with a separate or integral 
continuous-fiow transfer valve that provides tight shutoff to 
the idle filter. The system shall be designed to permit car- 
tridge replacement and repressurizing during operation. 
The filter cases and heads shall be suitable for operation at a 
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pressure not less than the pump relief valve setting. Filters 
that have covers weighing more than 15 kilograms (35 
pounds) shall have cover lifters. Filters shall not be 
equipped with a relief valve or an automatic bypass. Filter 
cartridge materials shall be corrosion resistant. Metal-mesh 
or sintered-metal filter elements are not acceptable. Flow 
shall be from the outside toward the center of the filter car- 
tridge. Stacked filter cartridge designs are prohibited. The 
pressure drop for clean filter elements shall not exceed 15 
percent of the total allowable dirty pressure drop, or 0.34 
bar (5 pounds per square inch) at an operating temperature 
of 38°C (100°F) and normal flow. Cartridges shall have a 
minimum collapsing differential pressure of 5.0 bar (70 
pounds per square inch). The filters shall be equipped with 
a vent and clean- and dirty-side drain connections. Where a 
specific filter element is desired, the purchaser will specify 
the make and model number of the element. 

Note: Micron particle size implies the diameter of a spherical bead; thus, a 
10-micron particle is a sphere with a diameter of 10 microns. Within the 


element’s recommended maximum pressure drop, 10 microns nominal 
implies that the efficiency of the filter on particles that are 10 microns or 
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larger in diameter will be no fess than 90 percent for the life of the element. 
Absolute micron particle ratings are different. A micron-absolute filter rat- 
ing implies that no particles of the rating size or larger will pass; for exam- 
ple, a filter rating may be 10 microns nominal and 15 microns absolute. 
2.2.9.5.7 When specified, a removable steam-heating ele- 
ment external to the oil reservoir or a thermostatically con- 
trolled electric immersion heater with a sheath of AISI!4 
Standard Type 300 stainless steel shall be provided for heat- 
ing the charge capacity of oil before start-up in cold 
weather. The heating device shall have sufficient capacity to 
heat the oil in the reservoir from the specified minimum site 
ambient temperature to the manufacturer’s required start-up 
temperature within 12 hours. If an electric immersion 
heater is used, the watt density shall not exceed 2.0 watts 
per square centimeter (15 watts per square inch). 


2.2.9.5.8 An austenitic stainless steel oil reservoir shall 
be supplied with the following characteristics and append- 
ages: 


a. The capacity to avoid frequent refilling, to provide ade- 
quate allowance for system rundown, and to settle moisture 
and foreign matter adequately. 

b. Provisions to eliminate air and to minimize flotation of 
foreign matter to the pump suction. 

c. Separate fill and vent connections, a level indicator with 
an armored gauge glass, and a breather suitable for outdoor 
use, 

d. Sloped bottoms and connections for complete drainage. 
e. Cleanout openings large enough to provide access for 
thorough cleaning 

f. A retention time of at least 3 minutes, based on normal 
flow at pump normal capacity and total volume below the 
minimum operating level. 

g. An electric heating element located below the pump suc- 
tion loss level to assure the element operates submerged. 


2.2.9.5.9 The oil system drain lines (as well as the reser- 
voir vent and mist eliminator or both) shall be large enough 
to prevent emission of visible oil vapors above the vent. 
They shal] also be large enough to provide adequate drain- 
age with the air flow from the sealing system into the oil 
system, with seal clearances that are at least twice the 
design clearance, Drain eductor systems are not required. 


2.2.10 MATERIALS 


Note: This section is also applicable to package components other than the 
compressor. 


2.2.10.1 General 


2.2.10.1.1 Materials of construction shall be the manu- 
facturer’s standard for the specified operating conditions, 
except as required or prohibited by this standard (see 3.5 for 


'4American Iron and Steel Institute, 1000 16th Street N. W., Washington, 
D. C. 20036. 


COPYRIGHT 2000 American Petroleum Institute 
Febuary 04, 


2000 09:57:29 


requirements for auxiliary piping materials), The metal- 
lurgy of all major components shall be clearly stated in the 
vendor’s proposal. 


2.2.10.1.2 Appendix E lists material specifications that, 
when used with appropriate heat-treatment or impact-test- 
ing requirements or both, will ensure the supply of materials 
generally considered to be acceptable for major component 
parts. 


2.2.10.1.3 Materials shall be identified in the proposal 
with their applicable ASTM, AISI, ASME, or SAE num- 
bers, including the material grade (see Appendix E). When 
no such designation is available, the vendor's material speci- 
fication giving physical properties, chemical composition, 
and test requirements shall be included in the proposal. 


2.2.10.1.4 The vendor shall specify the ASTM optional 
tests and inspection procedures that may be necessary to 
ensure that materials are satisfactory for the service. Such 
tests and inspections shall be listed in the proposal. The pur- 
chaser may consider specifying additional tests and inspec- 
tions, especially for materials used in critical components. 


2.2.10.1.5 External parts that are subject to rotary or slid- 
ing motions (such as control linkage joints and adjusting 
mechanisms) shall be of corrosion-resistant materials suit- 
able for the site environment and of sufficient hardness to 
resist wear. 


2.2.10.1.6 Minor parts that are not identified (such as 
nuts, springs, washers, gaskets, and keys) shall have corro- 
sion resistance at least equal to that of specified parts in the 
same environment. 


@2.2.10.1.7 The purchaser will specify any corrosive 
agents present in the process fluids and in the environment, 
including constituents that may cause stress corrosion 
cracking, 


2.2.10.1.8 If parts exposed to conditions that promote 
intergranular corrosion are to be fabricated, hard faced, 
overlaid, or repaired by welding, they shall be made of low- 
carbon or stabilized grades of austenitic stainless steel. 

Note: Overlays or hard surfaces that contain more than 0.10 percent car- 
bon can sensitize both low-carbon and stabilized grades of austenitic stain- 
less steel unless a buffer layer that is not sensitive to intergranular corrosion 
is applied. 

2.2.10.1.9 Where mating parts such as studs and nuts of 
AISI Standard Type 300 stainless steel or materials with 
similar galling tendencies are used, they shall be lubricated 
with an antiseizure compound of the proper temperature 
specification. 

Note: Torque loading values will differ considerably with and without an 
antiseizure compound. 

2.2.10.1.10 When dissimilar materials with significantly 
different electrical potentials are placed in contact in the 
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presence of an electrolytic solution, galvanic couples that 
can result in serious corrosion of the less noble material 
may be created. If such conditions exist, the purchaser and 
the vendor should select materials in accordance with the 
NACE Corrosion Engineer's Reference Book. 


2.2.10.1.11 The use of ASTM A 515 steel is prohibited. 
Low-carbon steels can be notch sensitive and susceptible to 
brittle fracture at ambient or low temperatures. Therefore, 
only fully killed, normalized steels made to fine-grain prac- 
tice are acceptable. 


2.2.10.1.12 The minimum quality bolting material for 
pressure joints shall be carbon steel (ASTM A 307, Grade 
B) for cast iron casings and high-temperature alloy steel 
(ASTM A 193, Grade B7) for steel casings. Nuts shall con- 
form to ASTM A 194, Grade 2H (or ASTM A 307, Grade B, 
case hardened, where space is limited). For temperatures 
below -—30°C (~20°F), low-temperature bolting material in 
accordance with ASTM A 320 shall be used. 


2.2.10.2 Castings 


2.2.10.2.1 Castings shall be sound and free from poros- 
ity, hot tears, shrink holes, blow holes, cracks, scale, blis- 
ters, and similar injurious defects. Surfaces of castings shall 
be cleaned by sandblasting, shotblasting, chemical cleaning, 
or any other standard method. Mold-parting fins and 
remains of gates and risers shall be chipped, filed, or ground 
flush. 


2.2.10.2.2 The use of chaplets in pressure castings shall 
be held to a minimum. The chaplets shall be clean and cor- 
rosion free (plating permitted) and of a composition com- 
patible with the casting. 


2.2.10.2.3 Ferrous castings shall not be repaired by weld- 
ing, peening, plugging, burning in, or impregnating except 
as specified in 2.2.10.2.3.1 and 2.2.10.2.3.2. 


2.2.10.2.3.1 Weldable grades of steel castings, may be 
repaired by welding, using a qualified welding procedure 
based on the requirements of Section VIII, Division 1, and 
Section [X of the ASME Cade. 


2.2.10.2.3.2 Cast gray iron or nodular iron may be 
repaired by plugging within the limits specified in ASTM A 
278, A 395, or A 536. The holes drilled for plugs shall be 
carefully examined, using liquid penetrant, to ensure that all 
defective material has been removed. All repairs that are 
not covered by ASTM specifications shall be subject to the 
purchaser's approval. 


2.2.10.2.4 Fully enclosed cored voids, including voids 
closed by plugging, are prohibited. 


2.2.10.2.5 Nodular iron castings shall be produced in 
accordance with ASTM A 395. 
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2.2.10.3 Forgings 


Unless otherwise agreed upon by the purchaser and the 
vendor, the forging material shall be selected from those 
listed in Appendix E. 


2.2.10.4 Welding 


2.2.10.4.1 Welding of piping and pressure-containing 
parts, as well as any dissimilar-metal welds and weld 
repairs, shall be performed and inspected by operators and 
procedures qualified in accordance with Section VII, Divi- 
sion 1, and Section IX of the ASME Code. No weld repairs 
are permitted after final machining. 


2.2.10.4.2 The vendor shall be responsible for the review 
of all repairs and repair welds to ensure that they are prop- 
erly heat treated and nondestructively examined for sound- 
ness and compliance with the applicable qualified 
procedures. Repair welds shall be nondestructively tested 
by the same method used to detect the original flaw. As a 
minimum, the inspection shall be by the magnetic particle 
method in accordance with 4.2.2.4 for magnetic material 
and by the liquid penetrant method in accordance with 
4.2.2.5 for nonmagnetic material. 


2.2.10.4.3. Unless otherwise specified, documentation of 
major defects shall be submitted to the purchaser prior to 
any repairs being conducted and shall include the following: 


a. Extent of the repair. 

b. Location. 

c. Size. 

d. Welding procedure specification. 

e. Detailed photographs of the defect prior to any prepara- 
tory work and after preparation but prior to the actual repair. 
If the location of the defect cannot be clearly defined by 
photographic means, the location shall be indicated on a 
sketch or drawing of the affected component. 


Note: Repairs shall be considered major if any of the following conditions 
apply: 

a Castings leak during hydrostatic testing. 

b. The depth of the repair cavity prepared for welding exceeds 20 percent 
of the wall thickness or 25 millimeters (1 inch), whichever is smaller. 

c. The surface area of the repair cavity exceeds 65 square centimeters (10 
square inches). 

d. The repair cavity penetrates the section thickness. 

e. Repairs are to any rotating components, 

2.2.10.4.4 Unless otherwise specified, all welding other 
than that covered by Section VIH, Division 1 of the ASME 
Code and ASME B31.3, such as welding on baseplates, 
non-pressure ducting, lagging, and control panels, shall be 
performed in accordance with AWS D1.1. 


2.2.10.4.5 Pressure-containing casings made of wrought 
materials or combinations of wrought and cast materials 
shall conform to the conditions specified in 2.2.10.4.5.1 
through 2.2,10.4.5.4. 
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2.2.10.4.5.1 Plate edges shall be inspected by magnetic 
particle or liquid penetrant examination as required by Sec- 
tion VIII, Division 1, UG-93(d)(3), of the ASME Code. 


2.2.10.4.5.2 Accessible surfaces of welds shall be 
inspected by magnetic particle or liquid penetrant examina- 
tion after back chipping or gouging and again after post- 
weld heat treatment. 


2.2.10.4.5.3 Pressure-containing welds, including welds 
of the case to horizontal- and vertical-joint flanges, shall be 
full-penetration welds. 


2.2.10.4.5.4 Casings fabricated from materials that, 
according to Section VIII, Division 1 of the ASME Code, 
require post-weld heat treatment shall be heat treated 
regardless of thickness. 


2.2.10.4.6 Connections welded to pressure casings shall 
be installed as specified in 2.2.10,4.6.1 through 2.2.10.4.6.5. 


©2.2.10.4.6.1 In addition to the requirements of 
2.2.10.4.1, the purchaser may specify that 100-percent radi- 
ography, magnetic particle inspection, or liquid penetrant 
inspection of welds is required. 


2.2.10.4.6.2 Auxiliary piping welded to chromium- 
molybdenum alloy steel or 12-percent chrome steel compo- 
nents shall be of the same material, except that chromium- 
molybdenum alloy steel pipe may be substituted for 12-per- 
cent chrome steel pipe. 


2.2.10.4.6.3 | When heat treatment is required, piping 
welds shall be made before the component is heat treated. 


© 2.2.10.4.6.4 When specified, proposed connection 
designs shall be submitted to the purchaser for approval 
before fabrication. The drawings shall show weld designs, 
size, materials, and pre- and post-weld heat treatments. 


2.2.10.4.6.5 All welds of materials not exempted accord- 
ing to Section VIH, Division 1, UCS-36 or UHA-32 of the 
ASME Code shall be heat treated in accordance with the 
methods described in Section VIII, Division 1, UW-40 of 
the ASME Code. 


2.2.10.5 Low Temperature 


2.2.10.5.1 To avoid brittle fracture during operation, 
maintenance, transportation, erection, and testing, good 
design practice shall be followed in the selection of fabrica- 
tion methods, welding procedures, and materials for vendor- 
furnished steel pressure-retaining parts that may be subject 
to temperature below the ductile-brittle transition point. 


2.2.10.5.2 All pressure-retaining steels applied at a spec- 
ified minimum design metal temperature below —30°C 
(-20°F) require a Charpy V-notch impact test of the base 
metal and the weld joint unless they are exempt in accordance 
with the requirements of paragraph UHA-S1 in Section VII, 
Division 1 of the ASME Code. Impact test results shall meet 
the requirements of paragraph UG-84 of the ASME Code. 


2.2.10.5.3 Carbon and low-alloy steel, pressure-retaining 
parts applied at a specified minimum design metal tempera- 
ture between —30°C (—20°F) and 40°C (100°F) shall require 
impact testing in accordance with 2.2.10,5.3.1 and 
2.2.10.5.3.2. 


2.2.10.5.3.1  Impact-testing is not required for parts with 
a governing thickness of 25 millimeters (1 inch) or less. 


2.2.10.5.3.2 Impact-testing exemptions for parts with 
governing thickness greater than 25 millimeters (1 inch) 
shall be established in accordance with paragraph UCS-66 
in Section VIII, Division 1 of the ASME Code. Curve B 
shall be used for all carbon and low-alloy stee! materials 
(including castings) which are not specifically listed for 
curves A, C, or D. Minimum design metal temperature 
without impact testing may be reduced as shown in Figure 
UCS-66.1. If the material is not exempt, Charpy V-notch 
impact test results shall meet the minimum impact energy 
requirements of paragraph UG-84 of the ASME Code. 

Note 1: The goverming thickness relates to pressure containment and 
excludes the following: 

a. Structural support sections such as feet or lugs. 


b. Sections with increased thickness required for rigidity to mitigate shaft 
deflection. 


c. Structural sections required for attachment or inclusion of mechanical 
features such as jackets or seal chambers. 


Note 2: Governing thickness considers only one-fourth of the nominal 
flange thickness, including parting flange thickness for axially split casings 
(in recognition that the predominant flange stress is not a membrane stress). 
2.2.10.5.3.3 Unless otherwise specified, the minimum 
site ambient temperature shall be used to establish impact 
test requirements. 


2.2.11 NAMEPLATES AND ROTATION ARROWS 


2.2.11.1.| A nameplate shall be securely attached at a 
readily visible location on the equipment and on any other 
major piece of auxiliary equipment 


2.2.11.2 Rotation arrows shall be cast in or attached to 
each major item of rotating equipment at a readily visible 
location. Nameplates and rotation arrows (if attached) shall 
be of AISI Standard Type 300 stainless steel or of nickel- 
copper alloy (Monel or its equivalent). Attachment pins 
shall be of the same material. Welding is not permitted. 


2.2.11.3. As a minimum, the following data shall be 
clearly stamped on the compressor nameplate: 


Vendor’s name. 

Serial number. 

Size and type. 

. Rated capacity. 

Rated discharge pressure. 

Maximum allowable working pressure. 

. Rated input speed. 

. Maximum allowable discharge temperature. 
Purchaser’s item number. 
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SECTION 3—ACCESSORIES 


3.1. Drivers 


#3.1.1. The type of driver will be specified. The driver 
shall be sized to meet the maximum specified operating 
conditions, including gear and coupling losses, and shall be 
in accordance with applicable specifications as stated in the 
inquiry and order. The driver shall be suitable for satisfac- 
tory operation under the utility and site conditions specified 
by the purchaser. 


#3.1.2 Anticipated process variations that may affect the 
sizing of the driver (such as changes in the pressure, temper- 
ature, relative humidity of the air, cooling water tempera- 
ture, or properties of the fluid handled as well as special 
plant start-up conditions) will be specified by the purchaser. 


©3.1.3 The starting conditions for the driven equipment will 
be specified, and the starting method shall be mutually 
agreed upon by the purchaser and the vendor. The driver's 
starting-torque capabilities shall exceed the speed-torque 
requirements of the driven equipment. 


3.1.4 Motor drives shall conform to API standard 541 or 
546, as applicable. Motors that are below the power scope 
of API Standard 541 or 546 shall be in accordance with 
IEEE 841. 


3.1.5 Electric motor drivers shall be sized in accordance 
with the more restrictive of the criteria given in 3.1.5.1 and 
3.1.5.2. 


3.1.5.1. The motor nameplate rating (exclusive of the ser- 
vice factor) shall be at least 110 percent of the maximum 
power required for all of the specified operating condi- 
tions. Consideration should be given to starting the com- 
pressor at the normal suction pressure. Equipment driven 
by induction motors shall be rated at the actual motor speed 
for the rated load condition. 


®3.1.5.2 The product of motor nameplate rating and ser- 
vice factor shall be no less than the power required (includ- 
ing losses from shaft-driven oil pump, coupling, and gear) 
when the compressor is operated unthrottled (inlet throttle 
device wide open) at the specified low-ambient operating 
conditions. The purchaser will specify on the data sheet the 
inlet air temperature and the inlet cooling water temperature 
to be used by the vendor in calculating the maximum 
unthrottled power. 
Note: The specified inlet temperature is not necessarily the minimum ambi- 
ent temperature. 

©3.1.6 The motor's starting-torque requirements shall be 
met at a specified reduced voltage, and the motor shall 
accelerate to full speed within a period of time agreed upon 
by the purchaser and the vendor. 


Note: For most applications, the starting voltage is typically 80 percent of 
the normal voltage, and the time required to accelerate to full speed is gen- 
erally less than 15 seconds. 


3.1.7 Unless otherwise specified, steam turbine drivers 
shall conform to API Standard 611. 

3.1.8 Steam turbines shall be sized in accordance with the 
more restrictive of the criteria given in 3.1.8.1 and 3.1.8.2. 


3.1.8.1 Steam turbine drivers shall be sized to deliver 
continuously 110 percent of the maximum power required 
for all of the specified operating conditions while operating 
at a corresponding speed with the specified steam condi- 
tions. 


®3.1.8.2 The turbine nameplate rating shall not be less 
than the power required (including losses from shaft-driven 
oil pump, coupling, and gear) when the compressor is oper- 
ated un-throttled (inlet throttle device wide open) at the 
specified low ambient operating conditions. The purchaser 
will specify on the data sheet the minimum inlet air temper- 
ature and the minimum inlet water temperature to be used 
by the vendor in calculating the maximum unthrottled 
power. 
Note: The specified inlet temperature is not necessarily the minimum 
ambient temperature. 

©3.1.9 The steam turbine shall be equipped with a NEMA 
Class D constant speed governor as specified in NEMA SM 
23. The purchaser will specify whether the governor is to be 
hydraulic or electronic. 


3.1.10 Unless otherwise specified, external gears shall 
conform to API Standard 677. 


3.1.11 For drivers that weigh more than 250 Kilograms 
(500 pounds), the equipment feet shall be provided with 
vertical jackscrews. 


3.2 Couplings and Guards 


3.2.1. Unless otherwise specified, flexible-element cou- 
plings and guards between drivers and driven equipment 
shall meet the requirements of 3.2.1.1 through 3.2.1.12. 


3.2.1.1. The coupling shall be of the forged-steel, nonlu- 
bricated, flexible-element spacer type. The purchaser and 
the vendor shall mutually agree upon the make, model, type, 
and mounting arrangement of the coupling. 


3.2.1.2 The coupling spacer shall be of sufficient length 
to permit removal of the coupling hubs without removal of 
the rotating elements. 


3.2.1.3 The removable guard shall be of a sufficiently 
heavy and rigid design to avoid contact with the coupling or 
the shaft as a result of bodily contact. The guard shall be 
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designed to prevent drawing oil out of adjacent bearing 
housings. The coupling guard shall be furnished and shall 
be in accordance with the Occupational Safety and Health 
Administration's requirements for coupling guards or that of 
applicable national, industrial or statutory bodies. 


3.2.1.4 Limited-end-float couplings with maximum cou- 
pling-end floats as specified in Table 2 shall be supplied 
with horizontal-sleeve-bearing motors to prevent the motor 
rotor from rubbing stationary motor parts. 


Note: Flexible element couplings with axial elastic-centering forces are 
usually satisfactory without these precautions. 


Table 2—Maximum Coupling End Floats 


Minimum Motor Rotor Maximum Coupling 
End Float End Float 
(mm) Cin.) (mm) (in.) 
6 0.250 2 0.09 
13 0.500 5 0.19 


Note; mm = millimeters; in. = inches. 


3.2.1.5 For a flexible-element spacer-type coupling, the 
shaft thermal movements for all operating conditions shall 
be compatible with optimum deflection positions of the cou- 
pling. The shaft end clearances for assembly shall be speci- 
fied by the vendor. The flexible elements shall be stainless 
steel or suitably coated to prevent corrosion. 


3.2.1.6 Where necessary, the driver half of the coupling 
shall be furnished with an idling adapter to permit uncou- 
pled operation. 


3.2.1.7 Coupling hubs shall be mounted on the shafts 
with a cylindrical fit. Cylindrical fits shall conform to 
ASME B4.1, Class FN-1, shrink fit between shaft and cou- 
pling hub. 


3.2.1.8 Coupling hubs shall be provided with tapped 
puller holes to aid removal. 


3.2.1.9 The maximum coupling operating torque load 
shall be limited to 80 percent of the manufacturer's pub- 
lished rating. Couplings bored larger than the manufac- 
turer's nominal rating shall be subject to the purchaser's 
approval. 


3.2.1.10 Each coupling-to-shaft juncture shall be 
designed and manufactured to be capable of transmitting 
power at least equal to the power rating of the coupling. 


©3.2.1.11 | When specified by the purchaser, couplings, 
coupling-to-shaft juncture, and guards shall conform to API 
Standard 671. 


3.2.1.12 Information on shafts, keyway dimensions (if 
any), and shaft end movements due to end play and thermal 
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effects shall be furnished to the vendor supplying the cou- 
plings. 


3.3 Baseplate 


3.3.1 The equipment feet and mating baseplate shall have 
machined surfaces. 


3.3.2 Mounting pads shall be provided for the integrally 
geared compressor and all drive train components. The 
pads shall be larger than the foot of the mounted equipment 
to allow leveling of the baseplate without removal of the 
equipment. The pads shall be fully machined flat and paral- 
lel. Corresponding surfaces shall be in the same plane 
within 50 micrometers per meter (0.002 inch per foot) of 
distance between the pads. This requirement shall be met 
by supporting and clamping the baseplate at the foundation 
bolt holes only. 


3.3.3 The baseplate shall not be drilled for equipment to 
be mounted by others. A baseplate shall be supplied with 
leveling screws. Baseplates that are to be grouted shall have 
50-millimeter-radius (2-inch-radius) outside corners (in the 
plan view). Mounting surfaces that are not to be grouted 
shall be coated with a rust preventive immediately after 
machining. 


3.3.4 Anchor bolt holes shall be drilled perpendicular to 
the mounting surfaces and spot faced to a diameter three 
times that of the hole. 


3.3.5 Anchor bolts will be furnished by the purchaser. 


3.3.6 Anchor bolts shall not be used to fasten machinery 
to the baseplate. 


3.3.7 The vendor shall furnish stainless steel (AISI Stan- 
dard Type 300) shim packs 3 millimeters to 6 millimeters 
(0.125 inch to 0.250 inch) thick under the driver feet and the 
mounting pads. All shim packs shall straddle the hold- 
down bolts and vertical jackscrews and be at least 5 milli- 
meters (0.250 inch) larger on all sides than the footprint of 
the equipment. 

Fasteners for attaching the components to the baseplate 
and jackscrews for leveling the baseplate shall be supplied 
by the vendor. 


3.3.8 The integrally geared compressor shall be doweled, 
and the feet of the driver shall be drilled with pilot holes for 
use in final doweling. 


3.3.9 When the supported driver weighs more then 250 
kilograms (500 pounds), the mounting plates shall be fur- 
nished with axial and lateral jackscrews the same size as or 
larger than the vertical jackscrews. Vertical jackscrews in 
the equipment feet shall be arranged to prevent marring of 
shimming surfaces. The lugs holding these jackscrews shall 
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be attached to the mounting plates so that the lugs do not 
interfere with the installation or removal of the equipment, 
jackscrews, or shims. If the equipment is too heavy to use 
jackscrews, other means shall be provided. 


3.3.10 When specified, the baseplate shall be suitable for 
column mounting (that is, of sufficient rigidity to be sup- 
ported at specified points) without continuous grouting 
under structural members. The baseplate design shall be 
mutually agreed upon by the purchaser and the vendor. 


3.3.11 The baseplate shall be provided with lifting lugs 
for at least a four-point lift. Lifting the baseplate complete 
with all equipment mounted shall not permanently distort or 
otherwise damage the baseplate or the machinery mounted 
on it. 


3.3.12 The bottom of the baseplate between structural 
members shall be open. When the baseplate is installed on a 
concrete foundation, accessibility shall be provided for 
grouting under all load-carrying structural members. 


3.3.13 The mounting pads on the bottom of the baseplate 
shall be in one plane to permit use of a single-level founda- 
tion, When required by vendor design, subsoleplates shall 
be provided by the vendor. 


3.3.14 The baseplate mounting pads shall be machined 
after the baseplate is fabricated. 


3.3.15 Unless otherwise specified, the vendor shall com- 
mercially sand blast, in accordance with SSPC SP6, all 
grout contact surfaces of the baseplate, and coat those sur- 
faces with inorganic zinc silicate in preparation for epoxy 
grouting. 


3.4 Controls and Instrumentation 
3.4.1 GENERAL 


3.4.1.1. Unless otherwise specified, a microprocessor 
based control and instrumentation system suitable for out- 
door installation shall be provided. 


@3.4.1.2 When specified, the microprocessor shall be capa- 
ble of communicating with the purchaser's distributed con- 
trol system (DCS). 


3.4.1.3 All conduit shall be designed and installed so that 
it can be easily removed without damage and located so that 
it does not hamper removal of bearings, seals, or equipment 
internals. 


3.4.1.4 Piping without breakout points or rigid conduit 
shall not be routed over the cases of horizontally split rotat- 
ing machinery and shall not be routed over or in front of 
removable heads on vessels and exchangers, or where the 
piping impairs the functionality of inspection openings or 
panel doors. 
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3.4.2 CONTROL SYSTEMS 


® 3.4.2.1. The purchaser will specify which of the following 
compressor capacity control modes shall be furnished by 
the vendor: 


a. Capacity modulation (inlet throttle device or variable 
inlet guide vanes) used when constant discharge pressure to 
surge is required and when the system air demand is rela- 
tively constant. 

b. Two-step (load-unload or intermittent) operation used 
when large variations in system air demand are expected 
and constant pressure is not mandatory. 

c. Automatic dual control-capacity modulation plus inter- 
mittent mode control for smaller air demands. 

d. An automatic start and automatic stop control. 

e. Constant discharge pressure mode (blowoff to the atmo- 
sphere without inlet throttling). 

f. Mass-flow control (used when the mass-flow rate is criti- 
cal to the process). 


3.4.2.2 When more than one mode is specified, a change 
to any mode shall be accomplished by a selector switch. If 
two compressors are to be operated in parallel, the control 
system proposed shall include all the necessary controls to 
permit the operation of both compressors on the same con- 
trol mode or one on a separate control mode. 


3.4.2.3 A compressor surge recognition and protection 
system shall be furnished. 


3.4.2.4 An automatic driver-overload control system shall 
be included to permit continuous operation at minimum 
ambient air and water temperatures without exceeding the 
nameplate rating (excluding service factor, if any). 


3.4.2.5 Manual override shall be provided to allow man- 
ual operation of the inlet throttle device and discharge blow- 
off valve. The system shall provide bumpless transfer from 
manual to automatic for smooth mode transfer. 


3.4.2.6 To reduce driver load during startup of a motor- 
driven compressor, automatic unloading of the compressor 
by closing the inlet throttle device and opening the dis- 
charge blowoff valve shall be provided by the vendor. (It 
should be noted that an auxiliary source of control air or 
nitrogen may be required for initial startup.) 

The control system shall provide a “soft” shutdown (or 
unloaded condition) in which the inlet valve is closed and 
the unloading valve is opened prior to terminating the power 
source to the driver except for an emergency stop. This 
feature allows for less severe surging when stopping the 
unit. 

The control system shall also provide warning to the 
operator that a hot-start condition exists for the motor driver 
because the unit was shut down and an adequate cool-down 
time period has not occurred for restart of the driver. 
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3.4.2.7 The system shall have the capability of recording 
data at multiple intervals just prior to an alarm or trip as an 
aid for troubleshooting surge and other compressor opera- 
tional problems. 


3.4.2.8 The vendor's proposal shall fully describe the 
design and operation of the control system, including surge 
recognition and protection and the electric power and oper- 
ating air requirements. 


3.4.3 INSTRUMENT AND CONTROL PANELS 


3.4.3.1. A panel from which startup and shutdown can be 
accomplished shall be provided and shall include the following: 


a. Components for control systems as defined in 3.4.2, 
exclusive of the inlet throttle device or variable inlet guide 
vanes and discharge blowoff valve. 

b. A control mode selector keypad (or switch) (see 3.4.2.2). 
c. Manual override and adjustment of control valves using 
the keypad (or switch) (see 3.4.2.5). 

. Digital-readout pressure measurements. 

Digital-readout temperature measurements. 

A display for annunciation (see 3.4.5.2). 

. Control devices for alarms and shutdowns. 

. A lamp alarm light and reset test push button. 

. The capability for starting and stopping the package from 
the control panel. 

j. Vibration measurement and _ readout instruments 
(3.4.4.6). 

k. Self-diagnostics to check that the microprocessor and all 
instruments are functioning properly. 

1. Logging of the compressor’s cumulative operating time. 
m Logging of the total number of compressor starts. 

n. Automatic shut off of the auxiliary oil pump after an ade- 
quate cool down of the oil system has been achieved. 


oo AO e 


©3.4.3.2 The panel shall be fully enclosed. The panel 
enclosure shall be watertight, Type 4X per NEMA ICS 6 
and NEMA 250 as a minimum, shall have a display visible 
in darkness/direct sunlight, and shall be mounted on the 
package baseplate. The purchaser will specify the area clas- 
sification and the type of enclosure required. Some area 
classifications may require purging or alternative enclo- 
sures. Purging required to meet the area classification shall 
be provided in accordance with NFPA 496. The panel shall 
include the following: 


a. Shielding of the devices in the panel from radio-fre- 
quency (RF) interference. 

b. Cooling for devices within the panel if the temperature 
inside the panel exceeds the electronic hardware tempera- 
ture rating [typically of concern for ambient conditions 
above 38°C (100°F)]. 

c. An interior panel heater for units when required by the 
ambient condition. 


d. Appropriate pneumatic filter/moisture separators to 
allow devices such as current to pneumatic transducers to 
operate reliably (typically 5-micron or better filtration). 


3.4.3.3 Panels shall be completely assembled, requiring 
only connection to the purchaser's external piping and wir- 
ing circuits. When more than one wiring point is required 
on a unit for control or instrumentation, the wiring to each 
switch or instrument shall be provided from a single termi- 
nal box with terminal posts mounted on the unit (or its 
base). Wiring shall be installed in metal conduits or enclo- 
sures, All leads and posts on terminal strips, switches, and 
instruments shall be tagged for identification. 


3.4.4 INSTRUMENTATION 


3.4.4.1. Temperature Gauges 


3.4.4.1.1  Dial-type temperature gauges shall be heavy- 
duty and corrosion resistant. They shall be at least 125 mil- 
limeters (5 inches) in diameter and bimetallic type or liquid 
filled. Black printing on a white background is standard for 
gauges. 


3.4.4.1.2 The sensing elements of temperature gauges 
shall be in the flowing fluid. 


Note: This is particularly important for lines that may run partially full. 


3.4.4.2 Thermowells 


Temperature gauges that are located in pressurized or 
flooded lines shall be furnished with at least NPS 3/, AISI 
Standard 300 stainless steel separable solid-bar ther- 
mowells. 


3.4.4.3 Thermocouples and Resistance 
Temperature Detectors 


Where practical, the design and location of thermocou- 
ples and resistance temperature detectors shall permit 
replacement while the unit is operating. The lead wires of 
thermocouples and resistance temperature detectors shall be 
installed as continuous leads between the thermowell or 
detector and the terminal box. Conduit runs from thermo- 
couple heads to a pull box or boxes located on the baseplate 
shall be provided. 


3.4.4.4 Pressure Gauges 


Pressure gauges (not including built-in instrument air 
gauges) shall be furnished with AISI Standard 316 stainless 
steel bourdon tubes and stainless steel movements, 110-mil- 
limeter (4-'/:-inch) dials, and NPS '/2 male alloy steel con- 
nections. Black printing on a white background is standard 
for gauges. When specified, liquid-filled gauges shall be 
furnished in locations subject to vibration. Gauge ranges 
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shall preferably be selected so that the normal operating 
pressure is at the middie of the gauge's range. In no case, 
however, shall the maximum reading on the dial be less than 
the applicable relief valve setting plus 10 percent. Each 
pressure gauge shall be provided with a device such as a 
disk insert or blowout back designed to relieve excess case 
pressure. 


3.4.4.5 Pressure Transducers 


Transducers shall have local zeroing and span adjustment 
features to aid in calibration, 


3.4.4.6 Vibration and Position Detectors 


©3.4.4.6.1 Each high-speed rotor and, when specified, the 
driver bearings, shall be provided with a vibration-monitor- 
ing system consisting of the following: (a) single radially 
oriented noncontacting shaft vibration sensing probe, (b) an 
oscillator-demodulator, and (c) a readout instrument. For 
single-impeller rotors, the probe shall be located at the bear- 
ing adjacent to the impeller. The vendor shall include with 
his proposal a statement listing whether x and y radial 
probes can be mounted adjacent to each impeller. The mon- 
itoring instrument shall be mounted in the instrument and 
control panel. 


©3.4.4.6.2 When specified, vibration and axial position 
transducers shall be supplied, installed, and calibrated in 
accordance with API Standard 670. 


©3.4.4.6.3 When specified, vibration and axial position 
monitors shall be supplied, installed, and calibrated in 
accordance with API Standard 670. 


* 3.4.4.6.4 When specified, a bearing-temperature monitor 
shall be supplied and calibrated in accordance with API 
standard 670. 


3.4.4.7 Solenoid Valves 


Solenoid-operated valves shall be used only in clean, dry, 
instrument-air service; shall have Class F insulation or bet- 
ter; and shall have a continuous service rating. When 
required for other services, the solenoid shall act as a pilot 
valve to pneumatic valves, hydraulic valves, and the like. 


3.4.4.8 Relief Valves 


3.4.4.8.1 The vendor shall furnish the relief valves that are 
to be installed on equipment or in piping that the vendor is 
supplying. Other relief valves will be furnished by the pur- 
chaser. Relief valves for all operating equipment shall meet 
the limiting relief-valve requirements defined in API Rec- 
ommended Practice 520, Parts I and II, and in API Standard 
526. The vendor shall determine the size and set pressure of 


all relief valves related to the equipment. The vendor's quo- 
tation shall list all relief valves and shall clearly indicate 
those to be furnished by the vendor. Relief-valve settings, 
including accumulation, shall take into consideration all 
possible types of equipment failure and the protection of 
piping systems. 


3.4.4.8.2 Unless otherwise specified, relief valves shall 
have steel bodies. 


© 3.4.4.8.3 When specified, thermal relief valves shall be 
provided for components that may be blocked in by isola- 
tion valves. 


3.4.4.9 Flow indicators 


3.4.4.9.1 Flow indicators shall be furnished in the atmo- 
spheric oil-drain return lines. 


3.4.4.9.2 Unless otherwise specified, the flow indicator 
shall be the bull's-eye type, and shall have a steel body. 


3.4.4.9.3 To facilitate viewing of the flow of oil through 
the line, each flow indicator should be installed with its 
bull's-eye glass in a vertical plane. The diameter of the 
bull's-eye shall be at least one half the inside diameter of the 
oil pipe and shall clearly show the minimum oil flow. 


3.4.5 ALARMS AND SHUTDOWNS 
3.4.5.1 General 


Switches, control devices, and annunciator display units 
shall be furnished as specified by purchaser and mounted by 
the vendor and an shall include those listed in Table 3 as a 
minimum. The alarm setting shall precede the shutdown 
setting. Program logic shall distinguish between a shut- 
down device and alarm device such that failure of a shut- 
down device will not allow operation of the compressor 
until the device problem is corrected; whereas, failure of an 
alarm device wili cause an alarm condition but will allow 
continued operation of the compressor. 


©3.4.5.2 Annunciator 


The vendor shall furnish a first-out annunciator. The 
annunciator shall contain approximately 25 percent spare 
points and, when specified, shall be arranged for purging. 
Connections shall be provided for actuation of a remote sig- 
nal when any function alarms or trips. The sequence of 
operation shall be as specified in 3.4.5.2.1 through 
3.4.5.2.7. 


3.4.5.2.1 Alarm indication shall consist of the flashing of 
a light and the sounding of an audible device. 


3.4.5.2.2 The alarm condition shall be acknowledged by 
operating an alarm-silencing button via the keypad or a 
switch common to all alarm functions. 
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Table 3—Conditions Requiring Alarms and Shutdowns 


Condition Alarm Shutdown 

High vibration of compressor x x 
High last-stage air X x 

temperature (inlet) 
Low lube-oil pressure x x 
High oil-supply temperature Xx Xx 
High oil filter x 

differential pressure 
Low seating-system pressure x q 
Operation of the standby x 

oil pump 
Low-lube level in reservoir* xX 
High inlet-air filter x 

differential pressure 
High vibration of driver? 
Panel purge* 
Surge recognition Xx 


Permissive start contact 


*With oil heater cutout. 

IF specified. 

“If required. 

‘Separate pilot-light indication. 


3.4.5.2.3 When the alarm is acknowledged, the audible 
device shall be silenced, but the light shall remain steadily 
lit as long as the alarm condition exists. The annunciator 
shall be capable of indicating a new alarm (with a flashing 
light and sounding horn) if another function reaches an 
alarm condition, even if the previous alarm condition has 
been acknowledged but still exists. 


3.4.5.2.4 When measurement levels return to normal, the 
annunciation lights and system shall return to normal condition 
after being acknowledged and reset through a keypad or switch. 


If more than one alarm or trip have occurred at the same 
time, the reset operation must be performed for each alarm 
or trip condition until] all alarms and trips have been 
acknowledged and reset; at which time the panel will return 
to normal. 


3.4.5.2.5 The control system shall maintain a chronologi- 
cal record of the alarms and trips. The panel shall have the 
capability of storing all operational parameters related to the 
chronological alarm or trips in a battery-backed nonvolatile 
memory which can be printed out for review. 


3.4.5.2.6 Alarm and shutdown set points shall have 
default values set by the vendor. These values can be 
changed by the operator and will be stored in a nonerasable 


memory. A user-defined password or key will be required to 
change the setpoint. 


3.4.5.2.7 Connections shall be provided for a common remote 
alarm and a common remote shutdown indication when any of 
the switches or locally displayed compressor alarms operate. 


3.4.5.3 Alarm and Trip Devices 


3.4.5.3.1 Each alarm device and each shutdown device 
shall be furnished in a separate housing located to facilitate 
inspection and maintenance. Where switches are specified, 
hermetically sealed, single-pole, double-throw switches 
with a minimum capacity of 5 amperes at 120 volts AC shall 
be used. Mercury switches shall not be used. 


3.4.5.3.2 Unless otherwise specified, electric switches 
that open (deenergize) to alarm and close (energize) to trip 
shall be furnished by the vendor. 


3.4.5.3.3 Alarm and trip switch settings shall not be 
adjustable from outside the housing. Alarm and trip 
switches shall be arranged to permit testing of the control 
circuit, including when possible the actuating element, 
without interfering with normal operation of the equipment. 
The vendor shall provide a clearly visible light on the panel 
to indicate when trip circuits are in a test bypass mode. 
Unless otherwise specified, shutdown systems shall be pro- 
vided with switches or another suitable means to permit 
testing without shutting down the unit. 


3.4.5.3.4 Pressure-sensing elements shall be of AISI 
Standard 300 stainless steel. Low-pressure alarms, which 
are activated by falling pressure, shall be equipped with a 
valved bleed or vent connection to allow controlled depres- 
surizing so that the operator can note the alarm set pressure 
on the associated pressure gauge. High-pressure alarms, 
which are activated by rising pressure, shall be equipped 
with valved test connections so that a portable test pump can 
be used to raise the pressure. 


3.4.5.3.5 The vendor shall furnish with the proposal a 
complete description of the alarm and shutdown facilities to 
be provided. 


3.4.5.4 Replacement of Instruments and Controls 


Unless otherwise specified, all instruments and controls 
other than shutdown sensing devices shal! be installed with 
sufficient valving to permit their replacement while the sys- 
tem is in operation (see Figure 3). When shutoff valves are 
specified for shutdown sensing devices, the vendor shall 
provide a means of locking the valves in the open position. 


3.4.5.5 Housing for Arcing-Type Switches 


Particular attention is called to the requirements of 2.1.13 
concerning the characteristics of housings for arcing-type 
switches outlined in the applicable codes. 
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Service line 


Notes: 

1. If approved by the purchaser, a combination block-and-bleed guage 
valve may be substituted for individual block and vent-bleed valves. Block 
and vent-bleed valves shall be omitted for instruments in shutdown service. 
2. See Figure 2 for a key to the symbols used in Figure 3. 


Figure 3—Instrument Piping and Valving Details 


3.4.6 ELECTRICAL SYSTEMS 


@3.4.6.1 The characteristics of electrical power supplies 
for motors, heaters, and instrumentation will be specified. A 
pilot light shall be provided on the incoming side of each 
supply circuit to indicate that the circuit is energized. The 
pilot lights shall be installed on the control panels. 


©3.4.6.2 Electrical equipment located on the unit or on any 
separate panel shall be suitable for the hazard classification 
specified. Electrical starting and supervisory controls may 
be either AC or DC. 


3.4.6.3 Power and control wiring within the confines of 
the baseplate shall be resistant to oil, heat, moisture, and 
abrasion. Stranded conductors shall be used within the con- 
fines of the baseplate and in other areas subject to vibration. 
Measurement and remote-control panel wiring may be solid 
conductor. Thermoplastic insulation shall be used and shall 
be covered by a neoprene or equal sheath for abrasion pro- 
tection. Wiring shall be suitable for the environmental tem- 
peratures specified. 


3.4.6.4 Unless otherwise specified, all leads on terminal 
strips, switches, and instruments shall be permanently 
tagged for identification. All terminal boards in junction 
boxes and control panel shall have at least 20 percent spare 
terminal points. 
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3.4.6.5 To facilitate maintenance, liberal clearances shall 
be provided for all energized parts (such as terminal blocks 
and relays) on equipment. The clearances required for 600- 
volt service shall also be provided for lower voltages. To 
guard against accidental contact, enclosures shall be pro- 
vided for all energized parts. 


@ 3.4.6.6 Electrical materials including insulation shall be 


corrosion resistant and nonhygroscopic insofar as is possi- 
ble. When specified for tropical location, materials shall 
be given the treatments specified in 3.4.6.6.1 and 
3.4.6.6.2. 


3.4.6.6.1 Parts (such as coils and windings) shall be pro- 
tected from fungus attack. 


3.4.6.6.2 Unpainted surfaces shall be protected from cor- 
rosion by plating or another suitable coating. 


3.4.6.7 Control, instrumentation, and power wiring 
(including temperature element leads) within the limits of 
the baseplate shall be installed in rigid metallic conduits and 
boxes, properly bracketed to minimize vibration, and iso- 
lated or shielded to prevent interference between voltage 
levels. Conduits may terminate (and in case of temperature 
element, heads shall terminate) with a flexible metallic con- 
duit long enough to permit access to the unit for mainte- 
nance without removal of the conduit. If temperature 
element heads will be exposed to temperatures above 60°C 
(140°F), a 20-millimeter (/s-inch) bronze hose with four- 
wall interlocking construction and joints with packed-on 
(heatproof) couplings shall be used. 


3.4.6.8 For Division 2 location, fiexible metallic conduits 
shall have a liquid tight thermosetting or thermoplastic outer 
jacket approved fittings. For Division 1 locations, an 
NFPA-approved connector shall be provided. 


3.4.6.9 No terminal blocks shall be located in wire-ways. 
The terminals shall be straight-through compression type 
with shrouded screws (dead front) and center tapping for 
test purposes. Terminal block connections shall be single 
level (not tiered). The panel shall contain two 6-millimeter 
x 25-millimeter (1/1 inch x 1-inch) minimum bare soft cop- 
per, solid bar grounding buses. One shall be used for a sig- 
nal ground, the other an equipment ground bus. The 
instrument case shall not be grounded through the steel of 
the panel. 


3.4.6.10 Internal vibration probe or thermocouple leads 
exposed to lube-oil turbulence shall be sufficiently 
anchored to prevent fatigue failures due to excessive 
movement. 


3.4.6.11 AC and DC circuits shall be clearly labeled, 
connected to separate terminal blocks, and isolated from 
each other. 
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3.5 Piping 
3.5.1 GENERAL 


3.5.1.1 Piping design and joint fabrication, examination, 
and inspection shall be in accordance with ASME B31.3. 


3.5.1.2 Auxiliary systems are defined as piping systems 
that are in the following services: 


. Instrument and control air. 
. Lubricating oil. 

Cooling water. 

. Sealing fluid. 

Drains. 

Interstage piping. 


moaogrp 


Note: Casing connections are discussed in 2.2.3. 


3.5.1.3 Piping systems shall include piping, isolating 
valves, control valves, relief valves, pressure reducers, ori- 
fices, temperature gauges and thermowells, pressure gauges, 
sight flow indicators, and all related vents and drains. 


3.5.1.4 The vendor shall furnish all piping systems 
including mounted appurtenances located within the con- 
fines of the package. Each piping system requiring external 
connections shall terminate with flanged single-supply and 
single-return connections at the edge of the package. It is 
not necessary to provide flanged connections for instrument 
tubing systems. The purchaser will furnish only intercon- 
necting piping between equipment groupings and off-base 
facilities. 


3.5.1.5 The design of piping systems shall achieve the 
following: 


a. Proper support and protection to prevent damage from 
vibration or from shipment, operation, and maintenance. 

b. Proper flexibility and normal accessibility for operation, 
maintenance, and thorough cleaning. 

c. Installation in a neat and orderly arrangement adapted to 
the contour of the package without obstructing access open- 
ings. 

d. Elimination of air pockets in the oil system by the use of 
valved vents or nonaccumulating piping arrangements. 

e. Complete drainage through low points without disassem- 
bly of piping. 


3.5.1.6 Piping shall preferably be fabricated by bending 
and welding to minimize the use of flanges and fittings. 
Welded flanges are permitted only at equipment connec- 
tions, at the edge of any base, and for ease of maintenance. 
The use of flanges at other points is permitted only with the 
purchaser's specific approval. Other than tees and reducers, 
welded fittings are permitted only to facilitate pipe layout in 
congested areas. Threaded connections shall be held to a 
minimum. Pipe bushings, unions, and couplings shall not be 
used. 
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3.5.1.7 Pipe threads shall be taper threads in accordance 
with ASME B1.20.1. Alternately, pipe threads in accor- 
dance with ISO 228, Part 1 are acceptable when required for 
compliance with local standards. Flanges shall be in accor- 
dance with ASME B16.5. For socket-welded construction, 
a 1.5-millimeter ('/1s inch) gap shall be left between the pipe 
end and the bottom of the socket. 


3.5.1.8 Threaded connections for oil service shall be seal 
welded; however, seal welding is not permitted on cast iron 
equipment, on instruments, or on places disassembly is 
required for maintenance. Seal-welded joints shall be in 
accordance with ASME B31.3. 


3.5.1.9 Connections, piping, valves, and fitting that are 
NPS fs, 2'h, 3%2, 5, 7, and 9 shall not be used. 


3.5.1.10 The minimum requirement for piping material 
shall be as specified by Tables 4A, 4B, and 4C. 


3.5.1.11 Piping wall thickness shall conform to the mini- 
mum requirement of Table SA. Where space does not per- 
mit the use of NPS '/, */, or 1 pipe, seamless tubing may 
be furnished in accordance with Table 5B. Stainless steel 


Table 4A—Minimum Requirements for Piping Materials: 
Instrument and Control Sealing Air 


Material Requirements 
Pipe ASTM A 312 Type 304 or 316 stainless steel# 
Tubing ASTM A 269 Type 304 or 316 stainless steel 
Valves Manufacturer's standard tube end or instrument 
valve, stainless steel, or plated carbon steel 
Pipe fittings ASTM A 182 F304 forged Class 3000 SW, TE 


ASTM A 403 WP304 wrought butt weld. 


Tube fittings Stainless steel (manufacturer's standard 


with purchaser's approval). 


Flanges Stainless steel 


‘Seamless per ASTM A 312; schedule 10S and 40S may be electric fusion 
welded per ASTM A 312. 


Table 4B—Minimum Requirements for Piping Materials: 
Cooling Water 


Material Requirements 

Pipe ASTM A 120 galvanized 

Tubing ASTM A 192 carbon steel or ASTM A 269 
stainless steel 

Valves Class 200, bronze TE 

Pipe fittings Class 150 ASTM A 338 galvanized malleable 
iron 

Tube fittings Manufacturer's standard (with purchaser's 
approval 

Flanges Carbon steel 
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Table 4C—Minimum Requirements for Piping Materials: 


Oil Piping 
Material Requirements 
Pipe ASTM A 312 Type 304 or 316 stainless steel?” 
Tubing ASTM A 269 Type 304 or 316 stainless steel 
Valves Class 150 flanged, Class 800 SW, TE carbon 
steel® 
Pipe fittings ASTM A 182 F304 forged Class 3000 SW, TE 


ASTM A 403 WP304 wrought butt weld? 


Stainless steel (manufacturer's standard with 
purchaser's approval) 


Tube fittings 


Carbon steel slip-on or stainless steel weld neck 
or slip-on* 


Flanges 


4Seamless per ASTM A 312; schedule 10S and 40S may be electric fusion 
welded per ASTM A 312. 

>When approved by the purchaser for oil service, seamless carbon steel 
pipe per A 106, or A 192 may be used with Class 3000 SWE or TE forged 
steel pipe fittings per ASTM A 105 or wrought butt-welded fittings per 
ASTM A 234. 

“Valves shall meet the applicable portions of API Standards 600, 602, or 
606; gate and globe valves shall have bolted bonnets and bolted glands; 
valves greater than NPS 2 for ANSI Class 600 and lower shall be flanged. 


Threaded fittings shall be seal welded per 3.5.1.8. 
*Carbon steel flanges per ASTM A 105 or ASTMA 181 (Class 150 and 300 
only) or Type 304 stainless steel flanges per ASTM A 182 shall be used. 


fittings shall be furnished with stainless steel tubing. The 
make and model of fittings shall be subject to purchaser's 
approval. 


3.5.1.12 For other than instrument and control air service, 
the minimum size of any connection or piping shall be NPS '/2. 


3.5.1.13 Piping systems furnished by the vendor shall be 
fabricated, installed in the shop, and properly supported. 
Bolt holes for flanged connections shall straddle lines paral- 
lel to the main horizontal or vertical centerline of the equip- 
ment. 


3.5.1.14 Steel flanges mating with iron compressor 
flanges shall be flat faced. 


3.5.1.15 Welding shall be performed by operators and 
procedures qualified in accordance with Section IX of the 
ASME Cade. 


3.5.1.16 Valves shall meet the applicable portions of API 
Standards 600, 602 and 606. Gate and globe valves shall 
have bolted bonnets and bolted glands. Valves over NPS 2 
shall be flanged. Butterfly valves shall not be used unless 
approved by the purchaser. 


3.5.1.17 Block valves shall be supplied with nominal 13 
Cr stainless steel trim. 


3.5.1.18 The bolting for pressure joints, valves, and pip- 
ing shall be based on the actual bolting temperature as 
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Table 5A—Minimum Pipe Wail Thicknesses 


Nominal Pipe Size Minimum 
Material (inches) Schedule 
Carbon steel <I'p 80 
Carbon steel 2to8 40 
Carbon steel >8 20 
Stainless steel $l 80 
Stainless steel I'fp to 3 40S 
Stainless steel 24 10S 


Table 5B—Minimum Tubing Wall Thicknesses 


Minimum Wall Thickness 


Nominal Tubing Size* Inches Millimeters 
6.3 (4a?) 0.035 0.89 
9.4 Gye”) 0.035 0.89 
12.5 (if) 0.065 1.65 
19.0 (3s) 0.095 2.41 
25.0(1) 0.109 2.76 


‘The tubing size is the outside diameter in millimeters (inches). 
The sizes '/a and 3/s are permitted for instrument and control air only. 


defined in ANSI B31.3. As a minimum, pressure bolting 
shall be ASTM A 193, Grade B7 with ASTM A 194, Grade 
2H nuts per the requirements of ASME B1.1. 


3.5.1.19 Pipe flange gaskets shall be nonasbestos flat gas- 
kets up to and including ANSI Class 300 pressure ratings. 
For ANSI Class 600 and higher ratings, spiral-wound gas- 
kets with nonasbestos filler, an external centering ring, 
and AISI Standard Type 304 or 316 windings shall be 
supplied. 


3.5.1.20 Combination stop/check valves shall not be used. 


3.5.1.21. Gaskets and packing for flanges, valves, and 
other components shall not contain asbestos. 


3.5.2 OIL PIPING 


3.5.2.1 Oil piping, tubing, and fittings (excluding slip-on 
flanges), shall be stainless steel (see Table 4C). 


3.5.2.2 Oil drains shall be sized to run no more than half 
full when flowing at a velocity of 0.3 meter per second (1 
foot per second) and shall be arranged to ensure good drain- 
age (recognizing the possibility of foaming conditions). 
Horizontal runs shall slope continuously, at least 40 milli- 
meters per meter ('/2 inch per foot), toward the reservoir. If 
possible, laterals (not more than one in any transverse 
plane) should enter drain headers at 45-degree angles in the 
direction of the flow. 
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3.5.2.3 Nonconsumable backup rings and sleeve-type 
joints shall not be used. Pressure piping downstream of oil 
filters shall be free from internal obstructions or pockets that 
could accumulate dirt. Pipe joints downstream of the oil fil- 
ter (filter to bearing housing) shall be butt-welded. Piping 
joints in return lines and upstream of the filter (reservoir to 
filter) may be socket welded. Threaded connections shall be 
used for instrument connections and where tubing is used. 


@3.5.2.4 Heads of oil-actuated control valves shall be 
vented back to the reservoir. When specified, instrument 
sensing lines to safety switches shall have a continuous 
through flow of oil. 


3.5.2.5 The root pass of all butt welds on stainless steel 
pipe shall be made by tungsten inert-gas arc welding. Filler 
passes may be made by tungsten inert-gas arc welding or by 
the shielded metal arc process. 


3.5.2.6 All piping components such as flanges, valves, 
control valve bodies or heads, and relief valves shall be 
made of steel. 


3.5.3 INSTRUMENT PIPING 


3.5.3.1 Instrument and control air piping tubing and fit- 
tings shall be AISI Series 300 stainless steel. Tubing thick- 
nesses shall meet the requirements of Table 5B. Figure 3 
shows instruments piping and valving details. 


3.5.3.2 Bleeder valves are required between instruments 
and their isolating valves, except in instrument-air service, 


where combinations of isolating and bleeder valves may be 
used. 


3.5.3.3 Bleed vaives provided at instruments may be the 
manufacturer's standard bleed fitting. Where test valves are 
provided, bleed valves may be omitted. 


3.5.3.4 Instrument valves for oil service located in sens- 
ing lines downstream of a primary service block valve may 
be barstock instrument valves, provided the valve is pro- 
tected against accidental disassembly. Valves shall be stain- 
less steel or carbon steel, with a corrosion resistant plating 
and stainless-steel stem. 


3.5.3.5 Tubing valves shall be manufacturer's standard 
tube end or instrument valve, stainless steel, as approved by 
the purchaser. 


3.6 Intercoolers and Aftercoolers 


3.6.1. The vendor shall furnish an intercooler between 
each compression stage, and unless otherwise specified, an 
aftercooler after the final compression stage. The inter- 
cooler shall have continuous-bleed V-Notch gate valves to 
permit removal of liquid. 


3.6.2 Intercooler and aftercooler shall be designed and 
constructed in accordance with Section VII, Division 1, of 
the ASME Code. 


3.6.3 Unless otherwise specified, intercoolers and after- 
cooler shall be of the water-cooled shell and tube type with 
water on the tube side. A removable-bundle design is 
required. Removable-bundle coolers shall be in accordance 
with TEMA Class C and shall be constructed with a remov- 
able channel cover. Tubes shall not have an outside diame- 
ter of less than 15 millimeters (3/s inch), and the tube wall 
shall not have a thickness of Jess than 18 BWG, 1.25 milli- 
meters (0.049 inch). Unless otherwise specified, cooler 
shells, channels, and covers shall be of steel; tube sheet shall 
be of brass; and tubes shall be of inhibited admiralty. U- 
bend tubes are not permitted. Each cooler shall be sized to 
accommodate the total cooling load. 

Note: Some plant locations may require consideration of alternative materi- 
als to combat atmospheric corrosion. 

3.6.4 Unless otherwise approved by the purchaser, inter- 
coolers and aftercoolers shall be constructed and arranged 
to allow removal of tube bundles without dismantling piping 
or compressor components. 


3.6.5 The vendor shall include in the proposal complete 
details of any proposed air-cooled cooler. 


3.6.6 Unless otherwise specified, air-cooled heat 
exchangers used for intercoolers shall have automatic tem- 
perature control. This control may be accomplished by 
means of louvers, variable-speed fans, variable-pitch fans, 
bypass valves, or any combination of these. Proposed con- 
trol systems will be approved by the purchaser. 


3.7 Inlet Air Filter/Silencer 


The vendor shall furnish a dry-type multistage, high-effi- 
ciency air intake filter-silencer suitable for mounting out- 
doors. This filter-silencer shall be provided with the 
following: 


a. A differential pressure switch and gauge. 

b. Filter portion designed such that the first-stage (prefilter) 
elements may be changed while the unit is operating. 

c. Weather hood or louvers. 

d. Clean pressure drop across the filter elements which shall 
not exceed 5.0 millibar (2 inches) water gauge. 

e. Removal of a minimum of 97 percent of particle sizes 1 
micron or larger over the inlet capacity range. 


@ Note 1: Many configurations and arrangements are available. Thus, the 
purchaser will specify any required specific features, such as special coat- 
ings or construction to avoid corrosion. 


Note 2: The filter-silencer may be elevated some distance above the com- 
pressor for certain plant locations subject to unusual conditions such as 
sand storms. Inlet piping between filter-silencer and the compressor shall 
be of corrosion-resistant material. 
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3.8 Discharge Blowoff Silencer 


3.8.1. The vendor shall furnish a flanged discharge blow- 
off silencer. 


3.8.2 Silencer construction shall be suitable for service in an 
unprotected location. The silencer preferably should be located. 
immediately downstream of the discharge blowoff valve. 


Note: Refer to data sheet for maximum allowable noise level require- 
ments. 


3.9 Special Tools 


3.9.1. When special tools and fixtures are required to dis- 


assemble, assemble, or maintain the unit, they shall be 
included in the quotation and furnished as part of the initial 
supply of the machine. For multiple-unit installations, the 
requirements for quantities of special tools and fixtures shall 
be mutually agreed upon by the purchaser and the vendor. 
These or similar special tools shall be used during shop 
assembly and post-test disassembly of the equipment. 


3.9.2 When special tools are provided, they shail be pack- 
aged in a separate, rugged metal box or boxes and shall be 
marked “special tools for (tag/item number).” Each tool 
shall be stamped or tagged to indicate its intended use. 


SECTION 4—INSPECTION, TESTING, AND PREPARATION FOR SHIPMENT 


4.1 General 


@4.1.1 The purchaser will specify the extent of participa- 
tion in the inspection and testing, including any witnessed 
or observed points and the amount of advance notification 
required. 


4.1.1.1. Witnessed means that a hold shall be applied to 
the production schedule and that the inspection or test shall 
be carried out with the purchaser or his representative in 
attendance. For mechanical running or performance tests, this 
requires written notification of a successful preliminary test. 


4.1.1.2 Observed means that the purchaser shall be noti- 
fied of the timing of the inspection or test; however, the 
inspection or test shall be performed as scheduled, and if the 
purchaser or his representative is not present, the vendor 
shall proceed to the next step. (The purchaser should expect 
to be in the factory longer than for a witnessed test.) 


4.1.2 The vendor shall notify subvendors of the pur- 
chaser’s inspection and testing requirements. 


4.1.3 The purchaser’s representative shall have entry to 
all vendor and subvendor plants where manufacturing, test- 
ing, or inspection of the equipment is in progress. 


4.1.4 Equipment for the specified inspection and tests 
shall be provided by the vendor. 


4.1.5 When specified, the purchaser’s representative, the 
vendor's representative, or both shall indicate compliance in 
accordance with the inspector’s checklist (see Appendix G) 
by initialing, dating, and submitting the completed checklist 
to the purchaser before shipment. 


4.2 Inspection 
4.2.1 GENERAL 


4.2.1.1. The vendor shall keep the following data avail- 
able for at least 20 years for examination or reproduction by 
the purchaser or his representative upon request: 
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a. Material certificates of compliance for shafts, pinions, 
bull gears, and impellers. 


®b. Test data to verify that the requirements of the specifica- 


tion have been met, such as hydro tests, mechanical perfor- 
mance tests, and any optional tests specified by the 
purchaser. 

c. Results of documented tests and inspections, including 
fully identified records of all heat treatment and nondestruc- 
tive examinations. 


© d. When specified, final assembly maintenance and running 


clearances. 


4.2.1.2 Pressure-containing parts shall not be painted 
until the specified inspection of the parts is completed. 


4.2.1.3 The purchaser’s representative shall have access 
to the vendor’s quality program for review. 


4.2.2 MATERIAL INSPECTION 
4.2.2.1. General 


Unless otherwise specified, the criteria in 4.2.2.2 through 
4.2.2.5 shall apply when radiographic, ultrasonic, magnetic 
particle, or liquid penetrant inspection of welds or materials 
is required. Cast iron may be inspected in accordance with 
4.2.2.4 and 4.2.2.5. Welds, cast steel, and wrought material 
may be inspected in accordance with 4.2.2.2 through 
4.2.2.5. 


4.2.2.2 Radiography 


4.2.2.2.1 Radiography shall be in accordance with 
ASTM E 94 and ASTM E 142. 


4.2.2.2.2 The acceptance standard used for welded fabri- 
cations shall be Section VII, Division 1, UW-51 (100 Per- 
cent) and UW-52 (Spot) of the ASME Code. The 
acceptance standard used for castings shall be Section VIII, 
Division 1, Appendix 7 of the ASME Code. 
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4.2.2.3 Ultrasonic Inspection 


4.2.2.3.1 Ultrasonic inspection shall be in accordance 
with Section V, Articles 5 and 23 of the ASME Code. 


4.2.2.3.2 The acceptance standard used for welded fabri- 
cations shal] be Section VIII, Division 1, Appendix 12 of the 
ASME Code. The acceptance standard used for castings 
shall be Section VIII, Division 1, Appendix 7 of the ASME 
Code. 


4.2.2.4 Magnetic Particle Inspection 


4.2.2.4.1 Both wet and dry methods of magnetic particle 
inspection shall be in accordance with ASTM E 709. 


4.2.2.4.2 The acceptance standard used for welded fabri- 
cations shall be Section VIII, Division 1, Appendix 6 and 
Section V, Article 25 of the ASME Code. The acceptability 
of defects in castings shall be based on a comparison with 
the photographs in ASTM E 125. For each type of defect, 
the degree of severity shall not exceed the limits specified in 
Table 6. 


Table 6—Maximum Severity of Defects in Castings 


Maximum 
Type Defect Severity Level 

1 Linear discontinuity 1 

I Shrinkage 2 

Hl Inclusions 2 
IV Chills and Chaplets 1 

Vv Porosity 1 
VI Welds 1 


4.2.2.5 Liquid Penetrant Inspection 


4.2.2.5.1 Liquid penetrant inspection shall be in accor- 
dance with Section V, Article 6 of the ASME Cade. 


4.2.2.5.2 The acceptance standard used for welded fabri- 
cations shall be Section VIII, Division 1, Appendix 8, and 
Section V, Article 24 of the ASME Code. The acceptance 
standard used for castings shall be Section VIII, Division 1, 
Appendix 7 of the ASME Code. 


Note: Regardless of the generalized limits in 4.2.2, it shall be the vendor’s 
responsibility tc review the design limits of the equipment in the event that 
More stringent requirements are necessary. Defects that exceed the limits 
imposed in 4.2.2 shall be removed to meet the quality standards cited, as 
determined by the inspection method specified. 

4.2.2.6 Cast impellers are to be 100 percent radiographed 
and inspected. The radiographs, when compared with the 
standard reference radiographs within ASTM E446 for steel 
castings up to 50 millimeters (2 inches) in thickness or stan- 
dard reference radiographs for heavy walled 50 millimeters 
to 100 millimeters (2 inches to 4 inches) steel castings 
within ASTM E186, shall show a casting quality equal to or 
better than Severity Level 2 for Categories A, B, and C 
(Types 1-4). Defects per categories D, E, and F are unac- 
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ceptable. The methods of radiographic examination shall be 
in accordance with ASTM E 94 and ASTM E142. 


4.2.2.7 Inspection of the impeller is required following 
overspeed testing per 4.3.3. 


4.2.2.8 All bull gear and pinion teeth shall be 100 per- 
cent magnetic particle inspected in accordance with ASTM 
A 275, Cracks are not acceptable. Linear indications due to 
metallic inclusions larger than 1.5 millimeters (0.06 inch) 
located in the tooth flanks or roots shall be reported to the 
purchaser for disposition. Linear indications are defined as 
indications whose length is at least three times the width. 
Acceptance or rejection shall be decided on a case-by-case 
basis and shall be mutually agreed upon by the purchaser 
and the vendor. 


4.2.3 MECHANICAL INSPECTION 


4.2.3.1 During assembly of the equipment and before 
testing, each component (including cast-in passages of these 
components) and all piping and appurtenances shall be 
cleaned chemically or by another appropriate method to 
remove foreign materials, corrosion products, and mill 
scale. 


4.2.3.2 Any portion of the oil system furnished shall meet 
the cleanliness requirements of API Standard 614. 


© 4.2.3.3 When specified, the purchaser may inspect for 
cleanliness the equipment and all piping and appurtenances 
furnished by or through the vendor before heads are welded 
to vessels, openings in vessels or exchangers are closed, or 
piping is finally assembled. 


4.2.3.4 When specified, the hardness of parts, welds, and 
heat-affected zones shall be verified as being within the 
allowable values by testing of the parts, welds, or heat- 
affected zones. The method, extent, documentation, and 
witnessing of the testing shall be mutually agreed upon by 
the purchaser and the vendor. 


4.2.3.5 The vendor shall verify that dimensions of all 
rotating components and stationary gas path components 
fall within the drawing tolerances. Dimensional nonconfor- 
mances shall be reported to the purchaser within 5 days 
after approval of the non-conformance by the vendor’s 
engineering department. 


4.3 Testing 
4.3.1 GENERAL 
4.3.1.1. The package shall be tested in accordance with 


4.3.2 through 4.3.4. Other tests that may be specified by the 
purchaser are described in 4.3.5. 


4.3.1.2 At least 6 weeks before the first scheduled run- 
ning test, the vendor shall submit to the purchaser, for 
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review and comment, detailed procedures for the mechani- 
cal running test and all specified running optional tests, 
including acceptance criteria for all monitored parameters. 
The oil parameters described in 4.3.4.1.4 shall be included 
in these test procedures. 


4.3.1.3. The vendor shall notify the purchaser not less 
than 5 working days before the date the equipment will be 
ready for testing. If the testing is rescheduled, the vendor 
shall notify the purchaser not less than 5 working days 
before the new test date. 


4.3.2 HYDROSTATIC TESTS 


4.3.2.1 Pressure-containing parts (including auxiliaries) 
shall be tested hydrostatically with liquid at a minimum of 
one and one-half times the maximum allowable working 
pressure but not less than 1.5 bar (20 pounds per square inch 
gauge). The test liquid shall be at a higher temperature than 
the nil-ductility transition temperature of the material being 
tested. 


4.3.2.2 Where applicable, tests shall be in accordance 
with the ASME Code. In the event that a discrepancy exists 
between the code test pressure and the test pressure in this 
standard, the higher pressure shall govern. 


4.3.2.3 Tests shall be maintained for a sufficient period of 
time to permit complete examination of parts under pres- 
sure, The hydrostatic test shall be considered satisfactory 
when neither leaks nor seepage through the casing or casing 
joint is observed for a minimum of 30 minutes. Large, 
heavy castings may require a longer testing period to be 
agreed upon by the purchaser and the vendor. 


4.3.2.4 The chloride content of liquids used to test auste- 
nitic stainless steel materials shall not exceed 5O parts per 
million. To prevent deposition of chlorides as a result of 
evaporative drying, all residual liquid shall be removed from 
tested parts at the conclusion of the test. 


4.3.2.5 Following hydrotest, the parts including the air 
intercoolers and aftercoolers shall be cleaned and dried to 
prevent corrosion. 


4.3.3. IMPELLER OVERSPEED TEST 


Each impeller shall be subjected to an overspeed test of at 
least 115 percent of rated operating speed for a minimum 
duration of 1 minute. After the overspeed test, each impeller 
shall be examined by magnetic particle or liquid penetrant 
methods. Impeller dimensions identified by the manufac- 
turer as critical (such as bore and outside diameter) shall be 
measured before and after the overspeed test. Any perma- 
nent deformation of the bore or other critical dimensions 
outside drawing tolerances shall be resolved to the satisfac- 
tion of the vendor and the purchaser. 
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4.3.4 COMBINED MECHANICAL AND 
PERFORMANCE TEST 


4.3.4.1. The combined mechanical and performance test 
of the package, including the lube oil system, bearings, 
seals and vibration monitoring system, shall be conducted at 
rated operating speed for a continuous period of 4 hours. 


4.3.4.1.2 A minimum of five test points shall be 
recorded, including surge, rated, and maximum capacity. 


4.3.4.1.3 Throttling is not permitted using inlet guide 
vanes (or between a flow-measuring device and either the 
suction or discharge flange). 


4.3.4.1.4 All oil pressures, viscosities, and temperatures 
shall be within the range of operating values recommended 
in the vendor’s operating instructions for the specific unit 
being tested. Performance data shall be obtained only after 
bearing and lube-oil temperatures have stabilized. 


4.3.4.1.5 While the equipment is operating at rated 
speed, sweeps shall be made for vibration amplitudes at fre- 
quencies other than synchronous. As a minimum, these 
sweeps shall cover a frequency from 0.25 times to 8 times 
the rated speed of the shaft being observed. If the amplitude 
of any discrete, nonsynchronous vibration exceeds 20 per- 
cent of the allowable vibration as defined in 2.2.7.4.4, the 
purchaser and the vendor shall mutually agree on require- 
ments for any additional testing and on the equipment’s 
suitability for shipment. 


4.3.4.1.6 Unless otherwise agreed upon, performance 
shall be calculated using the test raw data, reduced to the 
specified site-rated conditions, including expected inlet air 
filter and aftercooler losses, cooling water temperatures and 
flows, tube side fouling factors, and all mechanical, blow- 
down, and condensate losses in accordance with the ven- 
dor’s standard procedure. 


4.3.4.2 The requirements of 4.3.4.2.1 through 4.3.4.2.4 
shall be met before the combined mechanical and perfor- 
mance test of the package is performed. 


4.3.4.2.1_ All joints and connections shall be checked for 
tightness, and any leaks shall be corrected. 


4.3.4.2.2  Oil-system components downstream of the fil- 
ters shall meet the cleanliness requirements of 4.2.3.2 
before any test is started. 


4.3.4.2.3 Calibration records for flow, pressure, tempera- 
ture, and vibration-measuring devices utilized during the 
test shall be submitted to the purchaser’s representative for 
review. If unwitnessed, certified calibration records shall be 
included with the test logs and forwarded to the purchaser 
as required in 4.3.6.2. 


4.3.4.2.4 All warning, protective, and control devices 
used during the test shall be checked, and adjustments shall 
be made as required. 
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4.3.4.3 The requirements of 4.3.4.3, Items (a) through (e) 
shall be met during the combined mechanical and perfor- 
mance test (see Figure 1). 


a. With the compressor operating at its rated discharge 
pressure, the delivered capacity at the tested, rated operat- 
ing point shall have zero negative tolerance when compared 
to rated capacity (that is, -O percent tolerance on the spec- 
ified rated flowrate). 

b. The required power at the tested rated operating point 
shall not exceed 104 percent of the value quoted for the 
rated operating point. 

c. Overall pressure rise from the tested rated operating 
point to surge shall be a minimum of 10 percent. 

d. Compressor and contract driver vibration levels shall be 
recorded at every performance data point and shall meet the 
criteria of 2.2.7.4.4, 2.2.7.4.7, and 4.3.4.1.5. 

e. The difference between inlet- and drain-oil temperature 
shall not exceed 30°C (50°F). 


4.3.4.4 If replacement or modification of bearings or 
seals or dismantling of the case to replace or modify other 
parts is required to correct mechanical or performance defi- 
ciencies, the initial test will not be acceptable, and the final 
shop tests shall be run after these replacements or correc- 
tions are made. 


4.3.4.5 The requirements of 4.3.4.5.1 through 4.3.4.5.3 
shall be met after the combined mechanical and _ perfor- 
mance test is completed. 


4.3.4.5.1 The bearings, seals, and gearing shall be 
inspected. Bearings shall not exhibit any indication of dis- 
tress. 


©4.3.4.5.2 When, due to the design of the integrally geared 
compressor, inspection of the bearings and seals requires 
disassembly of any pinion rotor, the purchaser shall specify 
either (a) to inspect the bearings one time and retest in 
accordance with 4.3.4 or (b) to forego inspection of the 
bearings and seals based upon analysis of test data. 


4.3.4.5.3 The gear contact pattern shall be checked by the 
hard-bluing method with all pinions in place. 


4.3.4.5.3.1 Unmodified profile leads shall show a mini- 
mum contact of 70 percent along the axis, 30 percent radi- 
ally. 


€4.3.5 OPTIONAL TESTS 


The purchaser will specify whether any of the shop tests 
specified in 4.3.5.1 through 4.3.5.4 shall be performed (see 
also 2.2.7.2.3). 


©4.3.5.1 Performance Test 


The package shall be Class I tested in accordance with 
ASME, PTC 10. Equipment and accessories (inlet air fil- 


ters, aftercoolers, and so forth) to be included in the scope 
of the test shall be mutually agreed upon by the purchaser 
and the vendor. 


#4.3.5.2 Guide Vane Test 


The package shall be tested at the number of guide vane 
settings specified by the purchaser. Each setting shall 
include five test points including surge, rated, and maximum 
capacity. 


4.3.5.3 Sound-Level Test 


The sound-level test shall be performed in accordance 
with the purchaser’s requirements. 


©4.3.5.4 Spare Rotating Element(s) Test 


Rotating elements shall be given a combined mechanical 
and performance test in accordance with the requirements 
of this standard. 


4.3.6 TEST DATA 


4.3.6.1 Immediately upon completion of each witnessed 
mechanical and performance test, copies of the data logged 
and the corrected performance curves shall be given to the 
Purchaser’s representative witnessing the tests. 


4.3.6.2 If unwitnessed, a certified copy of the raw test 
data and the corrected performance curves shall be sent to 
the purchaser immediately upon the completion of the test. 


4.4 Preparation for Shipment 


© 4.4.1 Equipment shail be suitably prepared for the type of 
shipment specified, including blocking of the rotor when 
necessary. Blocked rotors shall be identified by means of 
corrosion-resistant tags attached with stainless-steel wire. 
The preparation shall make the equipment suitable for 6 
months of outdoor storage from the time of shipment, with 
no disassembly required before operation except for inspec- 
tion of bearings and seals. If storage for a longer period is 
contemplated, the purchaser will consult with the vendor 
regarding the recommended procedures to be followed. 


4.4.2. The vendor shall provide the purchaser with the 
instructions necessary to preserve the integrity of the stor- 
age preparation after the equipment arrives at the job site 
and before startup. 


4.4.3 The package shall be prepared for shipment after all 
testing and inspection has been completed and the equip- 
ment has been approved by the purchaser. The preparation 
shall include that specified in 4.4.3.1 through 4.4.3.12. 


4.4.3.1 Exterior surfaces, except for machined surfaces, 
shall be given at least one coat of manufacturer's standard 
paint. The paint shall not contain lead or chromates. 
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4.4.3.2 Exterior machined surfaces except for corrosion 
resistant material shall be coated with a suitable rust preventive. 


4.4.3.3 The interior of the integrally geared compressor 
(and driver if turbine driven) shall be clean; free from scale, 
welding spatter, and foreign objects; and sprayed or flushed 
with a suitable rust preventive that can be removed with sol- 
vent. The rust preventive shall be applied through all open- 
ings while the unit is slow-rolled. 


4.4.3.4 Internal steel areas of bearing housings and car- 
bon steel oil systems’ auxiliary equipment, such as vessels 
and pipe fittings, shall be coated with a suitable oil-soluble 
rust preventative. 


4.4.3.5 Exposed shafts and shaft couplings shall be 
wrapped with waterproof, moldable waxed cloth or volatile- 
corrosion inhibitor paper. The seams shall be sealed with 
oilproof adhesive tape. 


4.4.3.6 Bearing assemblies shall be fully protected from 
the entry of moisture and dirt. If vapor-phase-inhibitor crys- 
tals in bags are installed in large cavities to absorb mois- 
ture, the bags must be attached in an accessible area for ease 
of removal. Where applicable, bags shall be installed in wire 
cages attached to flanged covers, and bag locations shall be 
indicated by corrosion-resistant tags attached with stainless 
steel wire. 


4.4.3.7 Flanged openings shall be provided with metal 
closures at least 5.0 millimeters @/is inch) thick, with elas- 
tomer gaskets and at least four full-diameter bolts. For stud- 
ded openings, all nuts needed for the intended service shall 
be used to secure closures. Each opening shall be car sealed 
so that the protective cover cannot be removed without 
breaking the seal. 


4.4.3.8 Threaded openings shall be provided with steel 
caps or round head steel plugs. In no case shall nonmetallic 
(such as plastic) caps or plugs be used. 


Note: These are shipping plugs; permanent plugs are covered in 2.4.5 


4.4.3.9 Openings that have been beveled for welding 
shall be provided with closures designed to prevent entrance 
of foreign materials and damage to the bevel. 


4.4.3.10 Lifting points and lifting lugs shall be clearly 
identified on the equipment or the equipment package. The 
recommended lifting arrangement shall be identified on the 
boxed equipment. 


4.4.3.11 The package shall be identified with item and 
serial number. Material shipped separately shall be identi- 
fied with securely affixed, corrosion-resistant metal tags 
indicating the item and serial number of the equipment for 
which it is intended. In addition, crated equipment shall be 
shipped with duplicate packing lists, one inside and one on 
the outside of the shipping container. 


4.4.3.12 When spare rotating elements are purchased, 
they shall be prepared for unheated indoor storage for a 
period of at least 3 years. The rotating elements shall be 
treated with a rust preventive and shall be housed in a vapor- 
barrier envelope with a slow-release volatile-corrosion 
inhibitor. They shall be crated for domestic or export 
shipment, as specified. A purchaser-approved resilient 
material 3 millimeters ('/s inch) thick (not tetrafluoroethy]- 
ene (TFE) or polytetrafluoroethylene (PTFE)] shall be 
used between the rotating elements and the cradle at the 
support areas. 


4.4.4 Auxiliary piping connections furnished on the pur- 
chased equipment shall be impression stamped or perma- 
nently tagged to agree with the vendor's connection table or 
general arrangement drawing. Service and connection des- 
ignations shall be indicated. 


4.4.5 One copy of the vendor's standard installation 
instructions shall be packed and shipped with the equip- 
ment. 


SECTION 5—VENDOR'S DATA 


5.1 General 


5.1.1 The information to be furnished by the vendor is 
specified in 5.2 and 5.3. The vendor shall complete and for- 
ward the Vendor Drawing and Data Requirements form (see 
Appendix G) to the address or addresses noted on the 
inquiry or order. This form shail detail the schedule for 
transmission of drawings, curves, and data as agreed to at 
the time of the order, as well as the number and type of cop- 
ies required by the purchaser. 


5.1.2 The data shall be identified on transmittal (cover) 
letters and in title blocks or title pages with the following 
information: 
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a. The purchaser’s/ user's corporate name. 

b. The job/project number. 

¢. The equipment item number and service name. 

d. The inquiry or purchase order number. 

e. Any other identification specified in the inquiry or pur- 
chase order. 

f. The vendor's identifying proposal number, shop order 
number, or serial number, or other reference required to 
identify return correspondence completely. 


5.1.3 A coordination meeting shall be held, preferably at 
the vendor's plant, within 4-6 weeks after the purchase 
commitment. Unless otherwise specified, the vendor shall 
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prepare and distribute an agenda prior to this meeting. The 
agenda shall include review of the following items: 


a. The purchase order, scope of supply, unit responsibility, 
and subvendor items. 

b. The data sheets. 

c. Applicable specifications and previously agreed-upon 
exceptions. 

d. Schedules for transmittal of data, production, and testing. 
e. The quality assurance program and procedures. 

f. Inspection, expediting, and testing. 

g. Schematics and bills of material for auxiliary systems. 

h. The physical orientation of the equipment, piping, and 
auxiliary systems. 

i. Coupling selections. 

j. Thrust-bearing sizing and estimated loadings. 

k. The rotor dynamics analysis. 

I. Other technical items. 


5.2 Proposals 
GENERAL 


The vendor shall forward the original proposal and the 
specified numbers of copies to the addresses specified in the 
inquiry documents. As a minimum, the proposal shall 
include the data specified in 5.2.2 through 5.2.4 as well as a 
specific statement that the system and all its components are 
in strict accordance with this standard. If the system and 
components are not in strict accordance, the vendor shall 
provide details to enable the purchaser to evaluate any pro- 
posed alternative designs. All correspondence shall be 
clearly identified in accordance with 5.1.2. 


5.2.2 DRAWINGS 


The drawings indicated on the Vendor Drawing and Data 
Requirements form (see Appendix G) shall be included in 
the proposal. As a minimum, the following data shall be 
furnished: 


a. A general arrangement or outline drawing for each major 
skid or system, showing overall dimensions, maintenance 
clearance dimensions, overall weights, erection weights, 
and maximum maintenance weights (indicated for each 
piece). The direction of rotation and the size and location of 
major purchaser connections shall also be indicated. 

b. Cross-sectional drawings showing the details of the pro- 
posed equipment. 

c. Schematics of all auxiliary systems, including the lube- 
oil, control, and electrical systems. Bills of material shall be 
included. 

d. Sketches that show methods of lifting the assembled 
machine or machines and major components. (This infor- 
mation may be included on the drawings specified in Item a 
of the preceding.) 


5.2.3 TECHNICAL DATA 
The following data shall be included in the proposal: 


a. The purchaser's data sheets with complete vendor's infor- 
mation entered thereon and literature to fully describe 
details of the offering. 

b. The purchaser's noise data sheet. 

c. The Vendor Drawing and Data Requirements form (see 
Appendix G), indicating the schedule according to which 
the vendor agrees to transmit all the data specified as part of 
the contract. 

d. A schedule for shipment of the equipment, in weeks after 
receipt of the order. 

e. A list of major wearing components, showing inter- 
changeability with the purchaser's other units. 

f. A list of spare parts recommended for start-up and nor- 
mal maintenance purposes. 

g. A list of the special tools furnished for maintenance, as 
required by 3.9.1. The vendor shall identify any metric 
items included in the offering. 

h. A statement of any special weather protection and win- 
terization required for start-up, operation, and periods of 
idleness under the site conditions specified. The list shall 
show the protection to be furnished by the purchaser, as well 
as that included in the vendor's scope of supply. 

i. A complete tabulation of utility requirements, such as 
those for steam, water electricity, air, gas, and lube oil 
(including the quantity of lube oil required and the supply 
pressure), the heat load to be removed by the oil, and the 
nameplate power rating and operating power requirements 
of auxiliary drivers. (Approximate data shall be defined and 
clearly identified as such.) 

j. A description of the tests and inspection procedures for 
materials, as required by 2.2.10.1.4. 

k. A description of any special requirements specified in the 
purchaser's inquiry and as outlined in 2.2.5.2.2, 2.2.10.1.1, 
2.2.10.1.3, and 3.6.5. 

1. A list of similar machines installed and operating under 
conditions analogous to those specified in the proposal. 
m.Any start-up, shutdown, or operating restrictions 
required to protect the integrity of the equipment. 

n. A list of all relief valves, specifying those furnished by 
the vendor as required by 3.4.4.8.1. 

o. Allowable forces and moments as required by 2.2.4.1. 

p. A description of the sealing system including air con- 
sumption as required by 2.2.6.2. 

q. A description of the design and operation of the control 
system as required by 3.4.2.8. 

r. A description of the alarm and shutdown functions as 
required by 3.4.5.3.5. 

s. A statement of the number of radial vibration probes that 
can be mounted adjacent to each impeller as required by 
3.4.4.6.1. 

t. The calculated values of gear-rated power, based on both 
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tooth surface durability and tooth bending strength as 
required by 2.2.5.3.3. 
u. The vendor's minimum allowable oi] temperature as 
requested in 2.2.9.5.2. 


5.2.4 CURVES 


5.2.4.1. The vendor shall provide complete performance 
curves to encompass the map of operations, with any limita- 
tions indicated thereon. 


5.2.4.2 Overall performance curves shall be submitted for 
rated minimum and maximum specified ambient tempera- 
tures. All curves shall be marked “PREDICTED.” 


§.2.4.3 Curves shall include a plot of discharge pressure, 
and brake horsepower against delivered standard flow. 
Curves shall indicate surge, rated capacity, and any other 
specified operating points. Curves shall also be provided that 
show inlet guide vane effects at off-design inlet conditions. 


5.3 Contract Data 
5.3.1 GENERAL 


5.3.1.1. The contract data to be furnished by the vendor is 
specified in Appendix G. Each drawing, bill of material, 
and data sheet shall have a title block that shows the date of 
certification, a reference to all identification data specified 
in 5.1.2, the revision number and date, and the title. Title 
blocks for drawings shall be in the lower right-hand corner. 


§.3.1.2. The purchaser will promptly review the vendor's 
data when received; however, this review shall not consti- 
tute permission to deviate from any requirements in the 
order unless specifically agreed upon in writing. After the 
data have been reviewed, the vendor shall furnish certified 
copies in the quantities specified. 


5.3.1.3. A complete list of vendor data shall be included 
with the first issue of the major drawings. This list shall 
contain titles, drawing numbers, and a schedule for trans- 
mission of all the data the vendor will furnish (see 
Appendix G). 


5.3.2 DRAWINGS 


The drawings furnished shall contain sufficient informa- 
tion so that with the drawings and the manuals specified in 
5.3.6, the purchaser can properly install, operate, and main- 
tain the ordered equipment. Drawings shall be clearly legi- 
ble, shall be identified in accordance with 5.3.1.1, and shall 
be in accordance with ASME Y14.2M. As a minimum, each 
drawing shall include the details for that drawing listed in 
Appendix G. 


5.3.3 TECHNICAL DATA 


The data shall be submitted in accordance with Appen- 
dix G and identified in accordance with 5.3.1.1 Any com- 
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ments on the drawings or revisions of specifications that 
necessitate a change in the data shall be noted by the vendor. 
These notations will result in the purchaser's issue of com- 
pleted, corrected data sheets as part of the order specifica- 
tions. 


5.3.4 PROGRESS REPORTS 


The vendor shall submit progress reports to the pur- 
chaser at the intervals specified on the Vendor Drawing and 
Data Requirements form (see Appendix G). 


5.3.5 PARTS LISTS AND RECOMMENDED 
SPARES 


5.3.5.1. The vendor shall submit complete parts lists for 
all equipment and accessories supplied. The lists shall 
include manufacturer's unique part numbers, materials of 
construction, and delivery times. 

Materials shall be identified as specified in 2.2.10.1.3. 
Each part shall be completely identified and shown on 
cross-sectional or assembly-type drawings so that the pur- 
chaser may determine the interchangeability of the part with 
other equipment. Parts that have been modified from stan- 
dard dimensions and/or finish to satisfy specific perfor- 
mance requirements shall be uniquely identified by part 
number for interchangeability and future duplication pur- 
poses. Standard purchased items shall be identified by the 
original manufacturer's numbers. 


5.3.5.2 The vendor shall indicate on the preceding spare 
parts list which parts are recommended spares for start-up 
and which are recommended for normal maintenance (see 
Item f of 5.2.3). 

The vendor shall forward the list to the purchaser 
promptly after receipt of the reviewed drawings and in time 
to permit order and delivery of the parts before field start- 
up. The transmittal letter shall be identified with the data 
specified in 5.1.2. 


5.3.6 INSTALLATION, OPERATION, MAINTENANCE, 
AND TECHNICAL DATA MANUALS 


5.3.6.1 General 


The vendor shali provide sufficient written instructions 
and a list of all drawings to enable the purchaser to correctly 
install, operate, and maintain all of the equipment ordered. 
This information shall be compiled in a manual or manuals 
with a cover sheet that contains all reference-identifying 
data specified in 5.1.2, and index sheet that contains section 
titles, and a complete list of referenced and enclosed draw- 
ings by title and drawing number. The manual shall be pre- 
pared for the specified installation; a typical manual is not 
acceptable. 
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5.3.6.2 Installation Manual 


Any special information required for proper installation 
design that is not on the drawings shall be compiled in a 
manual that is separate from the operating and maintenance 
imstructions. This manual shall be forwarded at a time that 
is mutually agreed upon in the order but not later than the 
final issue of prints. 

The manual shall contain information such as special 
alignment and grouting procedures, utility specifications 
(including quantities), and all other installation design data, 
including the drawings and data specified in 5.2.2 and 5,2.3. 
The manual shall also include sketches that show the loca- 
tion of the center of gravity and rigging provisions to permit 
the removal of the top half of the casings, rotors, and any sub- 
assemblies that weigh more than 136 kilograms (300 pounds). 


5.3.6.3 Operating and Maintenance Manual 


The manual containing operating and maintenance data 
shall be forwarded no more than 2 weeks after all of the 
specified tests have been successfully completed. This man- 
ual shall include a section that provides special instructions 
for operation at specified extreme environmental conditions, 
such as temperatures. As a minimum, the manual shall also 
include all of the data listed in Appendix G. 


5.3.6.4 Technical Data Manual 


When specified, the vendor shall provide the purchaser 
with a technical data manual within 30 days of comple- 
tion of shop testing. (see Appendix G for detail require- 
ments.) 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL secu 
AIR COMPRESSOR DATA SHEET , 
U.S. CUSTOMARY UNITS Roe 


APPLICABLE TO: © PROPOSAL © PURCHASE © As BUILT 
FOR: 

SITE: 

SERVICE: 


UNIT 
NO. REQUIRED 
DRIVER ITEM NO. 
© CONTINUOUS © INTERMITTENT © STANDBY (2.1.7) SPARED BY: 


NOTE: INFORMATION TO BE COMPLETED BY: © BY PURCHASER (7 BY MANUFACTURER CJ BY PURCHASER OR MFR. 


8 COMPR.MFR. MODEL (SIZE AND TYPE) SERIAL NO. 


9] DRIVER MFR. ORIVER TYPE RATED HP 
10] DRIVE SYSTEM: © DIRECT COUPLED 


CONTROL SYSTEM (3.4.2) 


CONTROL METHOD: (3.4.2.1) 
(ALL DATA ON PER UNIT BASIS) AMB.* ©) CAPACITY MODULATION (CONSTANT DISCH. PRESSURE) (3.4.2.1a) 


(3.1.5.2) © INLET THROTTLE DEVICE: © DAMPER; 
© DELIVERED FLOW, SCFM (14.7 PSIA & 60F DRY) © GLOBE VALVE; © BUTTERFLY VALVE; 


© WEIGHT FLOW, LBS/MIN (WET)(DRY) © VARIABLE INLET GUIDE VANES 
© INLET COOLING WATER TEMP ©) TWO STEP CONTROL «= (LOAD-UNLOAD ){3.4.2. 1b) 
Oo PSIG TO PSIG DISCH. PRESS 
© AUTOMATIC DUAL CONTROL (3.4,2.1¢) 
©) AUTO. START AND STOP (3.4.2.1d): 
© START PSIG; STOP 
© CONSTANT DISCHARGE PRESS. 
BASE MODE (BLOWOFF) (3.4.2.18) 
© MASS FLOW CONTROL, (3.4.2.1f) 


INLET CONDITIONS: (2.1.3)(3.1.2) 
© PRESSURE (PSIA) 

© TEMPERATURE (°F) 

© RELATIVE HUMIDITY (%) 

© MOLECULAR WEIGHT 

L_] INLET VOLUME (CFM-WET) 


DISCHARGE CONDITIONS: 
©) PRESSURE (PSIA) 
(_] TEMPERATURE (°F) 


CONTROL SYSTEM REQUIREMENTS: 
© UNIT OPERATES IN PARALLEL (3.4.2.2) 
© W/ CENTRIFUGAL; 


PERFORMANCE: © Wi ROTARY; ©) W/ RECIPROCATING 


MAX BHP REQUIRED (ALL LOSSES INCLUDED) 
_] BHP/100 CFM AIR DELIVERED ©) MICROPROCESSOR CAPABLE OF COMMUNICATION 
"] INPUT SPEED (RPM) WITH PURCHASER'S DCS (3.4.1.2) 
{7 ESTIMATED SURGE, ICFM (@ ABOVE SPEED) 
© MAX. AP ACROSS INLET FILTER (PSI) 
AP INCLUDED IN CALCULATION [| ves 

{_] AFTERCOOLER OUTLET TEMP. (°F) 
(_] PERFORMANCE CURVE NO. 
(7) % RISE TO SURGE (2.2.1.4) 
(_] % TURNDOWN (2.2.1.4) 


CONTROL SYST. ALTERNATES: (3.4.1.1) 
©) OTHER THAN MICROPROCESSOR BASED: 


© SUITABLE FOR INDOOR ONLY 
© FURNISHED BY PURCHASER 


NTHROTLES PERFORCE FORDER SG 
AFTERCOOLER (3.6): 

© FURNISHED BY PURCHASER (3.6.1) 

© NOT NEEDED (3.6.1) 

© AIR-COOLED TYPE (3.6.3) BY VENDOR 
© AJR-COOLED INTERCOOLERS REQID (3.6.3) 

© FURNISHED BY PURCHASER 


cS 


REMARKS: 


C AIR-COOLED EXCHANGER AUTOMATIC 

TEMPERATURE CONTROL MEANS: (3.6.6) 

© Louvers © VARIABLE SPEED FANS 

© VARIABLE PITCH FANS © BYPASS VALVE 
€) alR-COOLER CONTROL MANUAL ONLY (3.6.6) BY: 

© LOUVERS © BYPASS VALVE 

© VARIABLE PITCH FANS 
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AIR COMPRESSOR DATA SHEET 
U.S. CUSTOMARY UNITS 


oe LOCATION, SITE DATA oO SPECIFICATIONS 


LOCATION (2.1.5): 
© INDOOR oO 
© ouTROOR eS) 
© GRADE oO 


© WINTERIZATION REQ’D 


SITE DATA: 
© ELEVATION 


FT. © BAROMETER 


HEATED © UNDER ROOF 
UNHEATED © PARTIAL SIDES 
MEZZANINE ‘e) 

© TROPICALIZATION REQ’D 


©) RANGE OF AMBIENT TEMPERATURE (°F): 


NORMAL 
MAXIMUM 
MINIMUM 


DAY BULB 


UNUSUAL CONDITIONS: (2.1.9) 


© bust 


© FUMES 


©) CORROSIVE CONDITIONS 


C CORROSIVES PRESENT: 
© CONDITIONS CAUSE STRESS CORROSION CRACKING (2.2.10.1.7) 


© OTHER 


AREA ELECTRICAL CLASSIFICATION (2.1.13) 


© cass 


GROUP 


© LOCAL ELECTRICAL CODES: 


PSIA (IN. HG.A) 


WET BULB 


DIVISION 


JOB NO. 


PURCHASE ORDER NO. 


INQUIRY NO. 


REVISION 


NOISE SPECIFICATIONS: (2.1.4) 
© MAX. ALLOWABLE SPL 

© APPLICABLE SPEC. 
ACOUSTICAL HOUSING 
APPLICABLE SPECIFICATIONS: 
API672 AND © 


© ves 


©) NON-ASME WELDING IF NOT AWS D1.1: (2.2.10.4.4) 


PAINTING: 
©) MANUFACTURER'S STANDARD 
© orner 

BASEPLATE GROUT: (3.3.16) 


© Epoxy © CEMENT ©) NONE 


PREPARATION FOR GROUT SURFACES: (3.3.15) 
© MFR. STD. © sspc-6 @Last 

© INORGANIC ZING SILICATE COATING 

© OTHER 


© BARE FOR FIELD BLAST 


SHIPMENT: (4,4.1)(4.4.3.12) 

© DOMESTIC © EXPORT © EXPORT BOXING REQ) 
©) OUTDOOR STORAGE OVER 6 MONTHS 

€) MATL FOR SPARE ROTOR SUPPORT (4.4.3.12) 


__UTUTTY CONDTTIONS: (8-0 


fN 


\) STEAM HEATING: (2.2.9.5.7) 


INLET MIN.: 


© ELECTRICITY: 


VOLTAGE: 
HERTZ: 
PHASE: 


© COOLING WATER: (2.1. 


TEMP: INLET 
PRESS: NORM. 
MIN. RETURN 
WATER SOURCE 


© AIRINITROGEN: 
MAX. PRESS 
GAS COMPOSITION: 


HEATING 


10) 
MAX. RETURN 
DESIGN 
MAX. ALLOW AP 


MIN. PRESS 


STEAM: 

Olt. HEATER: OTHER: 
ELECTRIC: LOCKED 
ROTOR AMPS. 
MAIN LO PUMP: 


AUX. LO PUMP: 


SPACE HEATER w 
W (3.4.2.8) 


Olt HEATER: 
CONTROL SYSTEM LOAD: 


COOLING WATER: 


QUANTITY, GPM 
OUTLET TEMP, °F 
PRESS. DROP, PSI 
TOTAL CW, GPM 


AIR/NITROGEN: INLET PRESS. 


{PSIG) 


QUANTITY 
(SCFM) 


SEAL SYSTEM: 
CONTROL PANEL: 
LO RESERVOIR: 
INSTR. HOUSINGS: 
CONTROL SYSTEM: 
OTHER: 
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JOB NO. ITEM NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 


AIR COMPRESSOR DATA SHEET 


U.S. CUSTOMARY UNITS 


(= COMPRESSOR SPEEDS: 
RATED INPUT: 
BULLGEAR CRITICALS: 
PINION GRITICALS: 

1st STG, PINION: 

2nd STG. PINION: 

ard STG, PINION: Ist: 

4th STG. PINION: Ist: 
OTHER UNDESIRABLE SPEEDS: (2.2.7.1.3) 
STAGE 
SPEED 


tst: 
ist: 


tMPELLER 
DIAMETER 


1st STAGE: 
2nd STAGE: 
ard STAGE: 
4th STAGE: 


(J IMPELLERS: 

NO. OF IMPELLERS: MATERIAL: 
TYPE: (OPEN, RADIAL, BACKWARD LEANING, ETC.) 

TYPE CONSTRUCTION: (2.2.5.2.2) 

METHOD OF ATTACH: (2.2.5.2.2) 

ROTATION, VIEWED FROM INPUT SHAFT END: 


COMPRESSOR CASING: 
MODEL: 


STG. 2 
MATERIAL: 


M.AW.P. (PSIG) 
HYDRO TEST (PSIG) 
MAX OPER TEMP (°F) 
MIN OPER TEMP (°F) 
© MIN, DESIGN METAL TEMP.: (2.2.10.5.3) 
[“] CASING HEAT TREATMENT REQUIRED (2.2.10.4.8.4) 
(_] MAX, ALLOW. STRESS FOR MATL: (2.2.2'1) 
[_] CODE CASTING FACTOR: (2.2.2.1) 
WELDED CONNECTIONS - NDT REQ'D: (2.2.10.4.6.1) 
{7} 100% RADIOGRAPH f) MAG. PARTICLE 


—— 


© PURCHASER REVIEW OF CONNECTION DESIGN (2.2.10.4.6.4) 


(] COMPRESSOR BEARINGS & BEARING HOUSES: 

BEARING HSG. MATERIAL: 

PINION RADIAL BEARINGS: (2.2.8.2) 
STG. 1 

BRG. TYPE: 

ALLOW LOAD: (PSI) 

ACTUAL LOAD: (PS!) 

BRG, SPAN: 

PINION THRUST BEARINGS: (2.2.8.3) 
STG.1 

BRG. TYPE: 

ALLOW LOAD: (PSI) 

ACTUAL LOAD: (PSI) 

THRUST COLLAR: 
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CASING SPLIT: 
STG.3 


Institute 


INQUIRY NO. 
REVISION 


CONSTRUCTION FEATURES 


{_] INTEGRAL GEAR HOUSING: 

MATERIAL: 
(1) BULL GEAR: (2.2.5.3) 
RATED POWER BASED ON TOOTH SURFACE DURABILITY: 
RATED POWER BASED ON TOOTH BENDING: 
© MIN. AGMA SERVICE FACTOR: 
GEAR RIM MATL: 
GEAR FACE WIDTH: IN.; 
MECHANICAL EFFICIENCY: %; 
PITCH DIA. IN.; PITCH LINE VEL. 


(7) PINIONS: (2.2.5.3) Ist 
SERVICE FACTOR: 
MATERIAL; 
HARDN'S:(BHN}(Fic) 

(_] BULL GEAR SHAFT: 
REPLACEABLE 


[JINTEGRAL W/ GEAR 
: HARDNESS 
WEIGHT (W/GEAR): 
DIA @ CPLG: 


BRG. SPAN: IN; 
DIA. @ GEAR: IN: 
SHAFT SLEEVES AT SEALS: MATL: 
SHAFT LABY'S: TYPE: 

BULL GEAR RAD. BRG. TYPE: 
ALLOW LOAD: PSI; 
_] BULL GEAR THRUST BEARINGS: (2.2.8.3) 
LOCATION: 

MFR: 

THRUST COLLAR: (2.2.8.3.5) 
ALLOW. LOAD: PSt; ACT. LOAD: 
GAS LOAD: CPLG. LOAD: 
BEARINGS FITTED W/ TEMP. SENSORS (2.2.8.4.4) 

©) PINION RAD. BRG. 
© THRUST BRG. 


77 INTEGRAL 


gO MAIN CONNECTIONS: (2.2.3.1) 


CU via. PENETRANT COMP. INLET: 
COMP. DISCH:: 
PKG. OUTLET: 
ATM, BLOWOFF: 


FILTER OUTLET: 


LUBE OIL INLET: 
LUBE OIL OUTLET: 
C.W. INLET: 
PRESS. GAUGE: 
TEMP. GAUGE: 
COND. DRAINS: 


Co] ACT.S.F. 


HARDNESS: 
GEAR CENTER MATL; 
AGMA QLTY: 


(BHN)(Re) 


{_] REPLACEABLE 


© BULLGEAR RAD. BRG. 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 


INQUIRY NO. 


AIR COMPRESSOR DATA SHEET 


U.S. CUSTOMARY UNITS REVISION 


VIBRATION DETECTORS: (3.4.4.6) 


Cl rvee: C) move 
© MFR: 
© NO. AT EACH PINION BEARING: TOTAL NO.: 
© NO. AT EACH DRIVER BEARING: TOTAL NO.: 
(_] xa RADIAL PROBES CAN BE MOUNTED ADJACENT TO IMPELLERS FOR: 
(J 1st ste. () end sta. (J ard ste. (_]4th sta. 
OSCILLATOR-DEMODULATORS: 
CS MFR: (3 MopeL 
CS MONITOR SUPPLIED BY: 
© MFR: ©) MODEL 
CS LOCATION: ENCLOSURE: 
[] READOUT SCALE RANGE: © ALARM SET @ 
© sHutpown =[Jsere MILs ©) TIME DELAY: 
© PER API 670: (3.4.4.6.283) 
BEARING-TEMPERATURE MONITOR: (3.4.4.6.4) 
© ReaD © SUPPLIED BY: COOPER API 670 
OD MFR: (7) mopeL 
AWAL POSITION MOVEMENT DETECTOR: (3.4.4.6.2) 
C3 ree: C) Mover 
CS MFR: 
{j READOUT SCALE RANGE: © atanm = SET@ 
2 snutoow (| |sera MILS © TIME DELAY: 


DYNAMICS: (2.2.7) 

© CRITICAL LATERAL SPEEDS ARE PROVEN BY PRIOR UNITS (2.2.7.2.1) 
© DAMPED UNBALANCED RESPONSE ANALYSIS REC'D. (2.2.7.2.2) 

© TORSIONAL VIBRATION ANALYSIS OF TRAIN REQD. (2.2.7.3.1) 
RESIDUAL UNBALANCE WORKSHEET REQD. (2.2.7.4.3) 

Ci) remarks: 


COUPLINGS: (2.2) 

Tree: C1) pisk pak C) piAPHRAGM © oTHER 

DISKMATL: (1) STAINLESS STEEL (©) coateo w 

Cl MAKE: C1 Mone: 

Conon-Lupe = © Lu. C) Lusrication: 

(_] SPACER LENGTH: IN. (J UIMITED END-FLOAT REQD 
[1 cPLG. RATING: HP/100 RPM @ 1.0S.F.; ACTUAL S.F: 
[J SHAFT JUNCT. RATING: @ ORIVER: HP;  @ INPUT SHAFT: 

(] MOUNTING ARR'GMT: @ INPUT SHAFT: DRIVER: 
[| MFR. MAX. BORE: IN; PROPOSED BORE: 

DRIVER HALF-CPLG.MTDBY: (JDRIVER MFR Ci) comp. vENDOR 
CI IDLING ADAPTER FOR DRIVER HALF-CPLG. AEQ’D (3.2.1.6) 


PIPING REQUIREMENTS: 

[7 RECOMMENDED STRAIGHT RUN OF PIPE OIA. BEFORE SUCTION: 
VENDOR TO OBSERVE FLANGE PARTING (2.1.15ba) 

© THROUGH STUDS REQUIRED FOR PIPING FLANGES (3.5.1.18) 


MISCELLANEOUS: 
© VENDOR PRESENT DURING INITIAL ALIGN. CHECK (2.1.15b) 
> VENDOR CHECK ALIGN. AT OPERATING TEMP, (2.1.15¢) 
© BASE DESIGNED FOR COLUMN MOUNTING (3.3.10) 
c THERMAL RELIEF VALVES PROVIDED BY VENDOR (3.4.4.8.3) 
< FOR WATER COOLED EXCHANGERS 
on™ 
\ FOR 


a 


\ PURCHASER WILL PREPARE COORDINATION MEETING AGENDA (5.1.3) 
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HP 


IN (3.2.1.9) 


42 


©) SHOP INSPECTIONS & TESTS: (4.1.1) 


© ADVANCE NOTIFICATION REQ'D: DAYS (4.1.1) 
os'D 
@ SHOP INSPECTION: (4.1.3) 
@ HYDROSTATIC: (4.3.2) 
@ 4-HOUR COMBINED TEST: (4.3.4) 
CT ASME, PTC-10 TEST: (4.3.5.1) 
INCLUDES © AIR FILTER; 
© AFTERCOOLER; 
o 
© GUIDE VANE TEST: (4.3.5.2) 
Oat NON-100% POSITIONS 
© SOUND-LEVEL TEST: (4.3.5.3) 
© SPARE ROTOR TEST: (4.3.5.4) 
© SPARE ROTOR MECH ONLY: 
@ IMPELLER OVERSPEED TEST: (4.3.3) 
@ RADIOGRAPH OF IMPELLERS: (4.2.2.6) 
© RESID. UNBALANCE CHECK: (2.2.7.4.3) 
@ OL SYSTEM CLEAN: (4.3.4.2.2) 
@ CONTROL SYSTEM CHECK: (4.3.4.2.4) 
@ BRG., SEAL, GEAR CHECK: (4.3.4.5.1) 
@ GEAR CONTACT CHECK: (4.3.4.5.3) 
@ CLEANLINESS CHECK - VESSELS: (4.2.3.3.) 
@ CLEANLINESS CHECK - PIPING: (4.2.3.3.) 
© HARDNESS CHECK OF PINIONS: (4.2.3.4) 
© OF BULL-GEAR: 
© OF WELD REPAIRS: 
© NDE OF MAJOR REPAIRS: (2.2.10.4.2) 
© GEAR TOOTH MAG-PART.: (4.2.2.8) 


) 


© FINAL INSP. PRIOR TO PAINT: 

© INSP. OF PREP. FOR SHIPMENT: (4.4) 
© 

© 


0000 OO0000 OOOCOO090000 


OOOO OO000D) OOOCOOOQ0000 


© PRIOR DOCUMENTATION ON MAJOR REPAIRS NOT REQ’D (2.2.10.4.3) 
C RETAIN FINAL ASSEMBLY CLEARANCES (4.2.1.10) 
© SUBMITTAL OF INSPECTORS CHECKLIST (4.1.5) 
SIGNEDBYREPFOR: (PURCHASER © veNDOR 
IF DESIGN REQ’S DISASSEMBLY OF PINION FOR BRG. INSPECTION, 
© FORGO BEARING INSPECTION BASED ON TEST DATA; OR 
© INSPECT BEARING AND RETEST. (4.3.4.5.2) 


WEIGHT, LBS. 

INTEG. GEAPYCOMP.: DRIVER: 
GEAR UPPER CASE: BULL-GEAR: 
1st STG. PINION: 2nd STG. PINION: 
INTERCOOLER: BUNDLE: 
AFTERCOOLER: BUNDLE: 
BASE: CONTROL PANEL: 
MAX, FOR MAINTENANCE (IDENTIFY): 

TOTAL SHIPPING WT.: 

(| SPACE REQUIREMENTS (FEET & INCHES) 

COMPLETE UNIT: 

CONTROL PANEL: {IF SEP.) 

INLET FILTER - SILENCER: 

AFTERCOOLER(IF FURN,): 

OTHER: 
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JOB NO. 


ITEM NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 


U.S. CUSTOMARY UNITS REVISION 


BASIC SYSTEM REQ'MTS. - NORMAL OIL FLOW (2.2.9.5.2) 
LUBE OiL TO: _GPM_ PSIG 

{_] comesGEar: 

“| DRIVER: 

[7] ExT. GEAR: 

(— Olt SYSTEM PRESSURES: 
SUPPLY: PSIG 
SYSTEM DESIGN: 


PUMP RV SETTING: 
HYOROTEST: 


OIL COOLER: (2.2.9.5.5) 


SHELL SIDE TUBESIDE 


OPERATING PRESSURE: (PSIG) 
[] MAX ALLOW WORK PRESS: (PSIG) 
[7 MAX ALLOW TEMP: °F 

{7} FOULING FACTOR: 


__] SURFACE AREA: FT?, DUTY: 
C7) REMOVABLE BUNDLE TO BE FURNISHED 
(_] ASME CODE STAMPED © DESIGNED TO TEMA 
€) TUBES: No. ; oD. IN LENGTH: 
WALL THICKNESS: IN. AVG. } MIN. 
(J MATERIALS: 
CHANNELS/HEADS: SHELL: 


TUBES: TUBE SHEETS: 
CHANNEL COVERS: TUBE SUPTS: 


OIL FILTERS: (2.2.9.5.6) 

(7) MICRON RATING: © NOMINAL © agsoLuTe 
Clap (Ps: CLEAN: ; DIRTY: ; COLLAPSE 
{) ELEMENT: MAKE: : MODEL: 


L_J NO, ELEMENTS: 


CJmeoia: 
CJ core Matt: ; (use. Mati: 


HSG. MAWP: PsiG; [_] MAX. ALLOW TEMP. 


OIL HEATER: (2.2.8.5.7) 
7) STEAM HEATER REQ'D: 


_] ELECTRIC HEATER REQUIRED; 
(3 RATING: : BTU/HR 


(_] WATT DENSITY: WAN? 


OIL RESERVOIR: (2.2.9.5.8) 
© RETENTION TIME: MIN; |_| CAPACITY: GAL. 
[_= FREE SURFACE AREA: Fre CO INT? BAFFLES 


INLET AIR FILTER/SILENGER: (3.7) 
L_]MFR.: 


SSU @ 100°F 


INQUIRY NO. 


LUBRICANT: (2.2.9.3) 
() pescrirtion: 


©) SYNTHETIC 


(_] MIN. ALLOW. OIL TEMP: (2.2.9.5.2) 
CJ SYSTEM COMPONENT SUPPLIERS: 


MAIN PUMP: 
STANDBY PUMP: 
ELECTRIC MOTOR(S): 


STEAM TURBINE(S): 
OIL COOLER(S): 

OIL FILTERS: 
ACCUMULATOR(S): 
SUCTION STRAINERS: 
CHECK VALVES: 
TRANSFER VALVE(S): 
PUMP COUPLING: 
PUMP RELIEF VALVES: 
ELECTRIC HEATER: 


PUMPS: (2.2.9.5.2) STANOBY 
(7) HORIZONTAL: 

CJ VERTICAL: 

C) suemerceoc: 


(2) Motor DRIVEN: 

(7 TURBINE DRIVEN: 

(Co SHAFT DRIVEN: 

(3 CENTRIFUGAL: 

©) rotany: 

(J FLANGE CONNECTED: 
"| GPM (RATED): 


J @ psia piscx:: 
SHP @ MAX. SSU: 
(_] DRIVER HP: 

(CJ CASING MATERIAL: 


( speep: 

©) couptine: 

{J osHa Guaro: 
MECHANICAL SEAL: 


STANDBY PUMP CONTROL RESET: 
© MANUAL © AUTOMATIC © HOA SELECTOR SWITCH 


DISCHARGE BLOWOFF SILENCER: (3.7) 


{| MFR: 


fret 
LJ DESCRIPTION: 
[" PIPING CONNECTION: 


(“| CLEAN AP, AS QUOTED: PSIG 
(2 CORROSION PROTECTION: 

© FILTER WILL BE REMOTE MOUNTED BY PURCHASER AT A DISTANCE 
FT. FROM COMPRESSOR. 


© FILTER WILL BE ELEVATED FT ABOVE GRADE. 
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(7 bescription: 

{__| FLANGE CONNECTION: 
MOUNTING: (J HORIZONTAL 

SUPPORTED BY: (CJ PIPING 


[_] SPL (dBA) AT DISCHARGE OF SILENCER: 


C) VERTICAL 
C3 OTHER: 


Information Handling Services, 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
U.S. CUSTOMARY UNITS ea 


, CONTROLS AND INSTRUMENTATION (3.4) 


LOCAL CONTROL PANEL: (3.4.3) 
© ELECTRICAL AREA CLASSIFICATION: ____—(3.4.3.2) PURGE REQUIREMENT: (3.4.3.2) 

(CNoNE © INSTRUMENT AIR © NITROGEN 
PANEL ENCLOSURE REQUIREMENT: (3.4.3.2) TYPE X - REDUCES THE CLASSIFICATION FROM DIV.1 
(CJ NEMA TYPE 4X ENCLOSURE MATERIAL: TO NONHAZARDOUS. 
(NEMA TYPE 7 (INDOOR EXPLOSION-PROOF FOR HAZARDOUS GAS AREAS ) REQ'D (Tv E Y - REDUCES THE CLASSIFICATION FROM DIV.1 

TO DIV. 

PANEL FEATURES (3.4.3.2) (PE Z- REDUCES THE CLASSIFICATION FROM DIV.2 
© VIBRATION ISOLATORS (] STRIP HEATER ~—_[__] INTERNAL COOLING TO NONHAZARDOUS, 
© WEATHERHOOD () PURGE CONNECTIONS © OTHER 


INQUIRY NO. 


© TROPICALIZATION REQUIRED {3.4.6.6} 


CJ InsTRUMENT SUPPLIERS: 

PRESSURE GAUGES: : SIZE & TYPE: 
TEMPERATURE GAUGES: : SIZE & TYPE: 
LEVEL GAUGES: : SIZE & TYPE: 
DIFF. PRESSURE GAUGES: : SIZE & TYPE: 
PRESSURE SWITCHES: . SIZE & TYPE: 
TEMPERATURE SWITCHES: : SIZE & TYPE: 
LEVEL SWITCHES: : SIZE & TYPE: 
PRESSURE TRANSMITTERS: : SIZE & TYPE: 
TEMPERATURE TRANSMITTERS: : SIZE & TYPE: 
LEVEL TRANSMITTERS: : SIZE & TYPE: 
CONTROL VALVES: : SIZE & TYPE: 
PRESSURE RELIEF VALVES: : SIZE & TYPE: 
THERMAL RELIEF VALVES: : SIZE & TYPE: 
TEMPERATURE CONTROL VALVES: : SIZE & TYPE: 
SIGHT FLOW INDICATORS: : SIZE & TYPE: 
PURGE FLOW INDICATORS: : SIZE & TYPE: 
SOLENOID VALVES: . SIZE & TYPE: 
ANNUNCIATOR: : SIZE & TYPE: 
TUBE FITTINGS: : SIZE & TYPE: 

SIZE & TYPE: 

SIZE & TYPE: 

SIZE & TYPE: 

SIZE & TYPE: 


SWITCH CLOSURES: (3.4.5.3.2) 

ALARM CONTACTS SHALL: © OPEN © CLOSE = TO SOUND ALARM AND BE NORMALLY CcrNeRGIZED © DE-ENERGIZED 

SHUTDOWN CONTACTS SHALL: © OPEN © CLOSE = TOTRIP AND BE NORMALLY OQENERGIZED © DE-ENERGIZED 
(NOTE: NORMAL CONDITION IS WHEN COMPRESSOR IS IN OPERATION} 

© SHUTDOWN SYSTEMS ARE NOT TO BE PROVIDED WITH A MEANS TO PERMIT TESTING WITHOUT SHUTTING DOWN THE UNIT. (3.4.5.3.3) 

D NON-SHUTDOWN DEVICES ARE NOT REQUIRED TO HAVE VALVING TO PERMIT REPLACEMENT DURING OPERATION, (3.4.5.4.1) 

© ISOLATION VALVES ARE REQUIRED FOR SHUTDOWN SENSING DEVICES. (3.4.5.4.1) 


MISCELLANEOUS INSTRUMENTATION: 

] THROUGH FLOWING INSTRUMENT SENSING LINE REQUIRED. (3.5.2.4) 

D UiQUID FILLED GAUGES ARE REQUIRED FOR AREAS SUBJECT TO VIBRATION. (3.4.4.4.1) 

© RELIEF VALVES MAY HAVE BODIES IN MATERIALS OTHER THAN STEEL. (3.4.4.8.2.) C) RV BODY MATERIAL: 

© THERMAL RELIEF VALVES REQUIRED FOR COMPONENTS THAT CAN BE ISOLATED. (3.4.4.9.1) 

> FLOW INDICATOR TYPE/MATERIAL IF OTHER THAN BULLS EYE TYPE WITH STEEL BODY: (3.4.4.9.1) 

D PURGE REQUIRED FOR ANNUNCIATOR. (3.4.5.2) NFPA 496 PURGE TYPE: Ox ; © CONNECTION ONLY 
© COMBINATION BLOCK & BLEED VALVES MAY BE SUBSTITUTED. (3.5.3.1) 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
U.S. CUSTOMARY UNITS 


INSTRUMENTATION SCOPE OF SUPPLY 


INQUIRY NO. 


| CEMENT [INDICATOR | 

pov ev] ee] eonnon | owtaiey [prow ev] ocaTon | 
s 
§ a z 2 $ ; ja ke 
Ble) 218 (38 22/3/32 /5 18 
Slz| Fle (Sle 2182/8 i 
VBRESSURE ESA ge ee ee ee oe eee ae 
|_GOMPRESSOR SUCTION stage CE TT TE CT TUTE TTL 
| COMPRERSOR DICH, AGE ee eee ee 
f= HORS OR SANE ee ee ee ee ee eles eon le 
|_ ween rater OOO 
UES OR CUP a ea oe eo cle 
| _MAPLTERSLENCER AP, CCST ETT TT EEL LECT 
MEMOIRS 2 oe ey oe eee ea 
|__compressonsucrion stage CSCS) TT TT OCOLEL ELEC 
[“cowpresson niscuanse age SPP PPT TOLLE 
[ok cooten eT ROUEN TT ep hl oe ee iclol 
ROME PINEAL SOUR ON Se ee ee eee Pol eee 
[Bui cean ounnanen@. eo 
[== PURE BEAR TNNUSTNG ee ey ee ee eel. Lele Iolo hora 
[ener vounan RB TEE 
= DED ASTER ee ee Ie oe Pole 
Oe ee ee | 
i Je CO ee ee ee alee eta ke es a 
PNMATONS Sec eee ee oe ea eer] 
|__ BADIA VIPRATIONENGHETAGE, CY ELLE EEO 
| RADIALVIBRATIONBULLGEARSHAFTSS™*=é‘“—~*~«*TSCédCSCAGCNSNSED Dd Peace elias beetle 
Ls SARIN PORTION BULUGRARGHAED Oe eee ea oe | 
|_ AXIAL POSTION —_____ STAGE PINION ™t—tSSCiESESE ME EEC TT 7 
i, A EIASIAL NDATION ON ORO ee ee olde eel eee 
fe SAE OSTIONON ORNS HAF ee ee oe ol ele ale ooh 
5-2 <ADPELEROMETEH OF GEAOOK) <n oe ieee Peo cick leit 
ee ee ee eo ek eee 
SORES 5 i ee ee eae ele ee eal 
SEAL GAS eS See bao | 
NU a ge ee ee ee Se ee ec ieies 
cea a a AE (| (GF (lV de 
LEANED EANNGE Se ee ee I elias oe | 
| ANNUNCIATORPURGEFALURE sC=“‘“‘CSSC#NWSC#C“C#ONW!NCNWNSWN'C CYT. (a Es 
| __SURGERECOGNTION OU ™™~—“SOSCOCOCCSTSCS tel ib le fe 
| OWHEATERON, OT ™~—OTCCNO#(#(#(NSNSC#CNY ie [cof Pap fed food pI 
| COMMONREMOTEALARMINDIGATION SS C*~=“‘~*~*é*SC*d ti (toh eels (healt psi 
| COMMON REMOTE SHUTDOWNINDICATION TO SS™~<“~*s*s*sSCsdYSCSd pty tT TE PErTyT yet 4 


NOTES: 1) TRANSMITTERS SUPPLIED BY VENDOR SHALL INCLUDE SENSING ELEMENT. 
2) SUPPLY "REPEAT SIGNAL* FOR CONTROL ROOM ALSO. 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 


AIR COMPRESSOR DATA SHEET 
U.S. CUSTOMARY UNITS 


SQ.FT.: 


INQUIRY NO. 


REVISION 


ITEM NO.: 
(J vert 


SHELUS/UNIT: 


CONNECTED IN: 
SURF./SHELL (GROSSEFF.) 


(-) series 
SQ.FT. 


PARALLEL 


PERFORMANCE OF ONE UNIT ‘ 
SHELL SIDE TUBE SIDE 


© FLuid NAME 
FLUID QUANTITY, TOTAL (LEVHR) 
VAPOR - IN‘OUT 
UQUID - IN‘OUT 
TEMPERATURE - tN/OUT ("F) 
SPECIFIC GRAVITY 
VISCOSITY, LIQUID (CP) (SSU) 
SPECIFIC HEAT (BTU/LB-°F) 
THERMAL CONDUCTIVITY (BTU-FT/HR-SQ.FT.-F) 
LATENT HEAT (BTU/LB @ °F) 
(INLET PRESSURE (PSIG) 
©) vetocrty (FT/SEC) 
(CJ PRESSURE OROP - ALLOW/CALC. (PSI) 
FOULING RESISTANCE - MINIMUM 


[7] HEAT EXCHANGED 
[_U TRANSFER RATE (@TU/HR-SQ.FT-*F): SERVICE 


CONSTRUCTION OF ONE SHELL 
SHELL SIDE : 


DESIGN/TEST PRESS. (PSIG) 
DESIGN TEMPERATURE (°F) 

NO. PASSES PER SHELL 
CORROSION ALLOWANCE (INCH) 


TUBE NO. 
TUBE TYPE: 
SHELL MATL. 
CHANNEL OR BONNET MATL. 
TUBESHEET - STATIONARY MATL. 
FLOATING HEAD COVER MATL. 
BAFFLES - CROSS MATL. 
BAFFLES - LONG MATL. 
SUPPORTS - TUBE. 
BYPASS SEAL ARRANGEMENT_ 
GASKETS - SHELL SIDE 

- FLOATING HEAD 
ASME SEC. Vill CODE REQUIREMENTS: 
WEIGHT/SHELL 


(IN); THK (MIN.)(AVG.) 


OESIGN & TEST 
(LBS); 


4.26.96 SHT8OF 10 USDATASH.XLS 
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ID (iN), OD (IN); 


MTD - CORRECTED 


TUBE SIDE 


(IN); LENGTH 


SHELL COVER MATL 
CHANNEL COVER MATL 
TUBESHEET - FLOATING MATL 
IMPINGEMENT PROTECTION 
% CUT (DIAM.) (AREA) 

SEAL TYPE 


TUBE - TUBESHEET JOINT 
- TUBE SIDE 


[Jstamp = [_] NOT APPLIC. 
FILLED W/ WATER 


TEMA CLASS 
(LBS); 


COPYRIGHT 2000 American Petroleum Institute 
Febuary 04, 


(N,) <]90 


oF 


SKETCH: BUNDLE, NOZZLE ORIENTATIONS 


Aso [9 O48 


(INTEG.) (REMOV.) 


BUNDLE 
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JOB NO, 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 


INQUIRY NO, 


U.S. CUSTOMARY UNITS eg ON a a a ae | a 
NEMA FRAME INDUCTION MOTORS TO IEEE 841 
2 MANUFACTURER: MODEL: SERIAL NO.: NEMA FRAME: 


3] DRIVEN EQUIPMENT TYPE: 


DRIVEN EQUIPMENT ITEM NO.: MOTOR ITEM NO.: 


SITE DATA: (9.1.1) 
ELECTRICAL SUPPLY: VOLTS PHASE 
ELECTRICAL AREA CLASSIFICATION: | () NON-HAZARDOUS 

© cass / Group ; DIVISION 
ATMOSPHERIC MIXTURE: 
IGNITION TEMPERATURE: °(F\{C); TEMP CODE: 
ALTITUDE: ©) LESS THAN 3300 FT. Oo eT 
AMBIENT TEMPERATURE: Oo BETWEEN -25 & 40°C 
UNUSUAL CONDITIONS: 


DRIVE SYSTEM: 
© DIRECT CONNECTED (> EXTERNAL GEAR 
© OTHER 


STARTING: (3.1.3}(3.1.6) 
© FULL VOLTAGE ©) REDUCED VOLTAGE % 
CvoapeD = CuntoaveD 

© VOLTAGE DIP 


No LOAD CURRENT (AMPS) [—cunnewrane | __eFRGENCY | POWER FAGTOR 


FULL LOAD TORQUE (FT-LBS) ive? a=" = fupee pe 
STARTS PER HOUR: HOT, coup i ——— > ——— ——_— + 
ACCELERATION TIME: SECONDS a ata Oe oe 

LOCKED ROTOR nee Eee 


CJ CONSTRUCTION FEATURES 


[_] NAMEPLATE: HP, RPM 
NEMA TORQUE DESIGN: Oa Oe Oe Oo 


[_] NEMA LOCKED ROTOR kVA CODE LETER: 


MOTOR ROTATION: (FACING END OPPOSITE SHAFT EXTENSION) 
Oew cow (Clstoimectionar 


INSULATION CLASS: ©)B @F © OTHER: 
@ Non-nvaroscoric §=— CTROPICALIZED 


EFFICIENCY: CostanparD =9§COHIGH «© PREMIUM 


NOISE DESIGN: © STANDARD © LOW NOISE 
©) MAX. SOUND PRESSURE LEVEL (dBA) @ 3 FT: 
oe EXPECTED SPL (dBA) @ 3 FT: 


(C) TEMPERATURE RISE: (DEFAULT 1S 80°C ABOVE 40°C BY RES. @ 1.0) 
°C ABOVE cc BY: © 


£) MOTOR To BE ‘THERMALLY PROTECTED" 
7) Moron To BE “OVER TEMP PROT: ** 


ENCLOSURE: Cl rerc LJrenv'’ (JexPLosion PROOF 


TYPE *7 - "WINDING - RUNNING & LOCKED-ROTOR PROTECTED” 
[_] TYPE *2 - “WINDING - RUNNING PROTECTED" 
L-TYPE *3 - "WINDING - PROTECTED, NON-SPECIFIC” 


MOUNTING: C3 HORIZONTAL C2 VERTICAL 
{FOOT MOUNTED [7] FLANGE MOUNTED 
7] SHAFT UP 


SHAFT DOWN 


©) SPACEHEATER REQ'D. RATED AT: WATTS 
MAIN TERMINAL BOX MOUNTING LOCATION: Clr Core ©) votts . PHASE . HEATZ 
(C] MAX SHEATH TEMPERATURE: G 


FAN: REVERSIBLE [] UNI-DIRECTIONAL @ NON-SPARKING 


© SEPARATE JUNCTION BOX FOR SPACE HEATER LEADS 


BEARING TYPE: | BALL ROLLER {_} SLEEVE MOTOR THRUST LOAD: oO Les © NONE 

BEARING LUBRICATION: C) Grease RING OIL © ON MIST DIRECTION OF THRUST: (TOWARD COUPLING = ©>AWAY FROM COUPLING 
GREASE FITTING: CJ pLuaGeo © ALEMITE © OTHER [5 MOTOR THRUST RATING: LBS 

BEARING SHIELDING: ([] SINGLE CI pouBLE > SEALED FOR LIFE 


TESTING MISCELLANEOUS 


IEEE TESTING: OBSERVED ‘WITNESSED (>SUBMITCERT'D. RESULTS 
© SPECIAL TESTING: 


PAINTING: © IEEE 841 STD. © OTHER: 


oN 
Ww 
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z 
ok 
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Bw 
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Q c 
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w 2 
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> =2 
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f05 
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4 
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5 
5 
= 
A 
< 
Ps 
8 
& 
4 
2 
a 
a 
4 
4 
= 
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PACKAGE OUTLET 


COMPRESSOR DISCHARGE 


FORCE (LBS) 


COMPRESSOR INLET 


MOMENT (FT.-LBS) 


MOMENT (FT.-LBS) 


FORCE (LBS) 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS = 


APPLICABLE TO: < PROPOSAL © PuRCHASE 
FOR: 

SITE: 

SERVICE: 


INQUIRY NO. 


NO. REQUIRED 
— 


ORIVER ITEM NO. 
a 


© CONTINUOUS © INTERMITTENT © STANDBY (2.1.7) SPARED BY: 


_-—e—————— eee 


NOTE: INFORMATION TO BE COMPLETED: © BY PURCHASER BY MANUFACTURER 


(1 BY PURCHASER OR MER. 


97 COMPR.MFR. MODEL (SIZE AND TYPE) SERIAL NO. 
10] DRIVER MFR. DRIVER TYPE, 


DRIVE SYSTEM © DIRECT COUPLED 


RATED HP 


CONTROL SYSTEM (3.4.2) 


CONTROL METHOD (3.4.2.1): 

©) GAPACITY MODULATION (CONSTANT DISCH. PRESSURE) (3.4.2.18): 
© INLET THROTTLE DEVICE: DAMPER; 

© DELIVERED FLOW, MYH (1.013 BARA & 0°C DRY) © GLOBE VALVE: © BUTTERFLY VALVE: 

© WEIGHT FLOW, KH (WET)}(ORY) ie: 


\~ VARIABLE INLET GUIDE VANES 
© INLET COOLING WATER TEMP (°C) © Wo STEP CONTROL (LOAD-UNLOAD}) (3.4.2. 1b): 


oO TO DISCH. P (BARG}(KPA) 
© AUTOMATIC DUAL CONTROL (3.4.2.1¢) 
© AUTO. START AND STOP (3.4.2.14): 
© sTaRT ; STOP (BARG)(KPA) 
© CONSTANT DISCHARGE PRESS. 
BASE MODE (BLOWOFF) (3.4.2.1) 
©) MASS FLOW CONTROL (3.42.11) 


{ALL DATA ON PER UNIT BASIS) 


INLET CONDITIONS: (2.1.3X3.1.2) 
<> PRESSURE {BAR)(KPA ABS) 
© TEMPERATURE (°C) 

© RELATIVE HUMIDITY (%) 
© MOLECULAR WEIGHT 


(J INLET VOLUME (MYH-WET) 


DISCHARGE CONDITIONS: 
© PRESSURE {BAR){kPA ABS) 


CONTROL SYSTEM REQUIREMENTS: 
(7) TEMPERATURE (°C) 


By UNIT OPERATES IN PARALLEL (3.4.2.2) 
© Wi CENTRIFUGAL; 


PERFORMANCE: © wrnrorary; © WREGIPROCATING 


(_] MAX kW REQUIRED (ALL LOSSES INCLUDED) 

7] kW/100 MH AIR DELIVERED 

—] INPUT SPEED (APM) 

T] ESTIMATED SURGE, IM'/H (@ ABOVE SPEED) 

© MAX, AP AGROSS INLET FILTER (BAR\(kPA) 
AP INCLUDED IN CALCULATION 

(J AFTERCOOLER OUTLET TEMP. (°C) 

__] PERFORMANCE CURVE NO, 

7] % RISE TO SURGE (2.2.1.4) 

(_] % TURNDOWN (2.2.1.4) 

m 


© MICROPROCESSOR CAPABLE OF COMMUNICATION 
WITH PURCHASER'S DCS (3.4.1.2) 


CONTROL SYST. ALTERNATES (3.4.1.1) 
© OTHER THAN MICROPROCESSOR BASED: 


er 


© SUITABLE FOR INDOOR ONLY 
© FURNISHED BY PURCHASER 


*UNTHROTTLED PERFORMANCE FOR ORIVER SIZING INTER- & AFTER-COOLERS 


AFTERCOOLER (3.6.2): 


© FURNISHED BY PURCHASER (3.6.1) 


© NOT NEEDED (3.6.1) 


© AIR-COOLED TYPE (3.6.3) BY VENDOR 
© AIR-COOLED INTERCOOLERS REC'D. (3.6.3) 


© FURNISHED BY PURCHASER 


REMARKS: 


C) AIR-COOLED EXCHANGER AUTOMATIC 
TEMPERATURE CONTROL MEANS: (3.6.6) 
© Louvers © VARIABLE SPEED FANS 
© VARIABLE PITCH FANS © BYPASS VALVE 
AIR-COOLER CONTROL MANUAL ONLY (2.6.6) BY: 
< Louvers < BYPASS VALVE 
© VARIABLE PITCH FANS 


8.26.96 SHT10OF 10 SIDATASH.XLE 


COPYRIGHT 2000 American Petroleum Institute Information Handling Services, 
Febuary 04, 2000 09:57:29 


API STDxb?e Tb 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS 


‘e) LOCATION, SITE DATA 


LOCATION (2.1.9): 
INDOOR 
OUTDOOR 
GRADE 
WINTERIZATION REQ’D. 


HEATED 
UNHEATED 
MEZZANINE 


UNDER ROOF 
PARTIAL SIDES 


© TROPICALIZATION REQD. 


DATA: 
ELEVATION M. 
RANGE OF AMBIENT TEMPERATURE (°C): 
DAY BULB 


© BAROMETER 


WET BULS 
NORMAL 

MAXIMUM 

MINIMUM 


1 


© FUMES 
CORROSIVES PRESENT: 
CONDITIONS CAUSE STRESS CORROSION CRACKING (2.2.10,1.7) 
OTHER 


<> CORROSIVE CONDITIONS 


OO00 


T-CODE 
DIVISION 


AREA ELECTRICAL CLASSIFICATION (2.1.13) 
© ciass GROUP 
© LOCAL ELECTRICAL CODES: 


UTILITY CONDITIONS: (3.1.1) 


(BARG)(KPA) 
(BARG)(kPA) 
(BARG)(kPA) 
{BARG)(kPA) 
(BARG)(KPA) 
(BARG}{KPA) 


OUTLET MIN.: 
NORM.: 


66 6 6384 


HEATING SHUTDOWN 


COOLING WATER: (2.1.10) 
TEMP: INLET 

PRESS: NORM. 

MIN. RETURN 

WATER SOURCE 


c 


(BARGYRPA) 


MAX. RETURN 
DESIGN 


(BARG}KPA) MAX, ALLOW sP 


AIRAOTROGEN: 
MAX. PRESS. 
GAS COMPOSITION: 


(BARG)KPA) MIN. PRESS 
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(BARA){KPA ABS) 


{BARG)KPA) 


(BARGXKPA) 


0732290 0559442 TS 


JOB NO. 


PURCHASE ORDER NO. 
INQUIRY NO. 


REVISION 


SPECIFICATIONS 


NOISE SPECIFICATIONS (2.1.4): 
© MAX. ALLOWABLE SPL 

© APPLICABLE SPEC. 
AGOUSTIC HOUSING: 
APPLICABLE SPECIFICATIONS: 


API 672 AND Cc 


© NON-ASME WELDING IF NOT AWS 01.1: (2.2.10.4,4) 


* PAINTING: 
© MANUFACTURER'S STANDARD 
© OTHER 


BASEPLATE GROUT: (3.3.16) 


PREPARATION FOR GROUT SURFACES (3.3.16): 
© MFR. STD. © sspc-s BLAST 

©) INORGANIC ZING SILIGATE COATING 

© oTHER 


iy 
ond 


SHIPMENT: (4.4.1)(4.4.3.12) 

© DOMESTIC © EXPORT 

©) OUTDOOR STORAGE OVER 6 MONTHS 
(2) mMaTL FOR SPARE ROTOR SUPPORT (4.4.3.12) 


aD 


© CEMENT 


© NONE 


BARE FOR FIELD BLAST 


© EXPORT BOXING REQ'D 


c UTILITY CONSUMPTION: (5.2.31) 


STEAM: 
OIL HEATER: 


ELECTRIC: LOCKED 


ROTOR AMPS. 


MAIN LO PUMP: 
AUX. LO PUMP: 


OIL HEATER: 
CONTROL SYSTEM LOAD: 


SPACE HEATER 


COOLING WATER: 


QUANTITY, MH 
OUTLET TEMP, °C 
PRESS. DROP, (aanykPA) 
TOTAL CW, M’/H 


c 


(BARYKPA) 
AIFUNITROGEN: INLET PRESS. 
(BARG)(KPA) 
SEAL SYSTEM: 
CONTROL PANEL: 
LO RESERVOIR: 
INSTR. HOUSINGS: 


CONTROL SYSTEM: 
OTHER: 


TOTAL PURGE, SM’/H: 


50 
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JOB NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
S! UNITS 


(_} COMPRESSOR SPEEDS: 
RATED INPUT: 
BULLGEAR CRITICALS: 
PINION CRITICALS: 

1st STG. PINION: 

2nd STG. PINION: 

ard STG. PINION: 

4th STG. PINION: 
OTHER UNDESIRABLE SPEEDS: (2.2.7.1.3) 
STAGE 
SPEED 


IMPELLER 
DIAMETER 


1st STAGE: 
2nd STAGE: 
3rd STAGE: 
4th STAGE: 


(J IMPELLERS: 
NO. OF IMPELLERS MATERIAL 
TYPE: (OPEN, RADIAL, BACKWARD LEANING, ETC.) 

TYPE CONSTRUCTION: (2.2.5.2.2) 

METHOD OF ATTACH: (2.2.5.2.2) 


ROTATION, VIEWED FROM INPUT SHAFT END: 


{_] COMPRESSOR CASING: 
MODEL: 
STG. 2 
MATERIAL: 
M.AW.P. (BAR\(KPA) 
HYDRO TEST (BARKPA) 
MAX OPER TEMP (°C) 
MIN OPER TEMP (°C) 


CASING HEAT TREATMENT REQUIRED (2.2.10.4.5.4) 
MAX. ALLOW. STRESS FOR MATL: (2.2.2.1) 
CODE CASTING FACTOR: (2.2.2.1) 
WELOING CONNECTIONS - NDT REQ'D: (2.2.10.4.6.1) 
©) 100% RADIOGRAPH (7) MAG. PARTICLE 
© PURCHASER REVIEW OF CONNECTION DESIGN (2.2.10.4.6.4) 


© MIN. DESIGN METAL TEMP.: (2.2.10.6.3) 
a 

al 
LJ 


©) uta. PENETRANT 


C) COMPRESSOR BEARINGS & BEARING HOUSES: 
BEARING HSG. MATERIAL: 
PINION RADIAL BEARINGS: (2.2.8.2) 


BRG. TYPE: 

ALLOW LOAD: N 

ACTUAL LOAD: N 

BAG. SPAN: MM 

PINION THRUST BEARINGS: (2.2.8.2) 


BRG. TYPE: 
ALLOW LOAD: N 
ACTUAL LOAD: N 
TRUST COLLAR: 


8.26.26 SHT3OF 10 SIDATASH.XLS 
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CASING SPLIT: 


INQUIRY NO. 


REVISION 


51 


("] INTEGRAL GEAR HOUSING: 
MATERIAL: 
(CJ BULL GEAR: (2.2.5.3) 


PURCHASE ORDER NO. 


RATED POWER BASED ON TOOTH SURFACE DURABILITY: 
RATED POWER BASED ON TOOTH BENDING: 


© MIN. AGMA SERVICE FACTOR: 


GEAR RIM MATL: 


GEAR FACE WIDTH: 
MECHANICAL EFFICIENCY: 
PITCH DIA. MM: 


(7) PINIONS: (2.2.5.3) 
SERVICE FACTOR: 
MATERIAL: 
HARDN'S(BHNXR.} 


[_] BULL GEAR SHAFT: 
(7) REPLACEABLE 
MATL: 


BRG. SPAN: 


DIA. @ GEAR: 


SHAFT SLEEVES AT SEALS: MATL: 


SHAFT LABY'S: TYPE: 
BULL GEAR RAD. BRG. TYPE: 
ALLOW LOAD: 


HARDNESS: 
MM; GEAR CENTER MATL: 
%; AGMA QLTY: 
PITCH LINE VEL. 


Ist 


(INTEGRAL w/ GEAR 
HARONESS: (BHNXR.) 
MM; WEIGHT (W/GEAR): KG 


MM; OIA @ CPLG: MM 


MATL: 
7 LENGTH: 


N/MM?; ACT LOAD: 


[“) BULL GEAR THRUST BEARINGS: (2.2.8.3) 


LOCATION: : 


MFR: 

THRUST COLLAR: (2.2.8.3.5) 
ALLOW, LOAD; 

GAS LOAD: 


(C} INTEGRAL [7 REPLACEABLE 
NMME: ACT. LOAD: 
N; CPLG. LOAD: 


BEARINGS FITTED W/ TEMP. SENSORS (2.2.8.4.4) 


©) PINION RAD. BRAG. 
C THRUST BRG. 


CI MAIN CONNECTIONS: (2.2.3.1) 


COMP. INLET: 
COMP, DISCH.; 
PKG. OUTLET: 
ATM. BLOWOFF: 
FILTER OUTLET: 


LUBE Oli INLET: 
LUBE OIL OUTLET: 
C.W. INLET: 
PRESS. GAUGE: 
TEMP. GAUGE: 
COND. ORAINS: 


oN 


J BULLGEAR RAD. BRG. 


Information Handling Services, 
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INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS 


VIBRATION DETECTORS: (3.4.4.6) 


C) tree: ; ©) move: 
O wen: 
© NO. AT EACH PINION BEARING: 
© NO. AT EACH DRIVER BEARING: 
(F) xay RADIAL PROBES CAN BE MOUNTED ADJACENT TO IMPELLERS FOR: 

(71 4st ste. (_] and sts. (J ad sta. J 4tn sta. 
OSCILLATOR-DEMODULATORS: 
© MER: ©) mover: 
MONITOR SUPPLIED BY: 

MFR.: {3 mover: 

LOCATION: ENCLOSURE: 
READOUT SCALE RANGE: © ALARM SET @ 
sHuToown = [_] ser @ m © Time DELAY: 
© PER API 670: (3.4,4.6.283) 

BEARING-TEMPERATURE MONITOR: (3.4.4.6.4) 

© reap. © suPPueo sy: 

C MFR: CJ mover: 
AXIAL POSITION MOVEMENT DETECTOR: (2.4.4.6.2) 
©) ree: ©) monet: 
© mer: 

[| READOUT SCALE RANGE: 
S sHutpown =] sere 
DYNAMICS: (2.2.7) 


TOTAL NO.:> 
TOTAL NO.: 


© PER API 670 


© warm [|sere 
© TMME DELAY: 


© CRITICAL LATERAL SPEEDS ARE PROVEN BY PRIOR UNITS (2.2.7.2.1) 


© DAMPED UNBALANGED RESPONSE ANALYSIS REQ'D (2.2.7.2.2) 
© TORSIONAL VIBRATION ANALYSIS OF TRAIN REQD (2.2.7.3.1) 
© RESIDUAL UNBALANCE WORKSHEET REQ'D (2.2.7.4.3) 

C) REMARKS: 

COUPLINGS: (3.2) 


© oTHer 
€) coateo w 
© move: 
©) tusricanion: 
MM (7) LIMITED END-FLOAT REQD 
(5 cpxe. RATING: KW/100 RPM @ 1.08.F.; ACTUAL S.F.: 
(1) SHAFT JUNCT. RATING: @ DRIVER: kW: @ INPUT SHAFT: 
() MOUNTING ARR'GMT: @ INPUT SHAFT: DRIVER: 
PROPOSED BORE 
©’ comp. vencon 


type: (J oisk pak © piapuraom 
DISK MATL: ©) STAINLESS STEEL 

‘e MAKE: 

© NON-LUBE © we. 

[7] SPACER LENGTH: 


[7] MFT. MAX, BORE: MM; 
DRIVER HALF-CPLG. MTD BY: © oniver wer 
oO (OLING ADAPTER FOR DRIVER HALF-CPLG. REQ'D (3.2.1.6) 
PIPING REQUIREMENTS: 

'] RECOMMENDED STRAIGHT RUN OF PIPE DIA. BEFORE SUCTION: 
© VENDOR TO OBSERVE FLANGE PARTING (2.1.15ba) 

© THROUGH STUDS REQUIRED FOR PIPING FLANGES (3.5.1.18) 


MISCELLANEOUS: 
VENDOR PRESENT DURING INITIAL ALIGN. CHECK (2.1.18b) 
VENDOR CHECK ALIGN. AT OPERATING TEMP. (2.1.15¢) 
BASE DESIGNED FOR COLUMN MOUNTING (3.3.11) 
THERMAL RELIEF VALVES PROVIDED BY VENDOR (3.4.4.8.3) 
© FOR WATER COOLED EXCHANGERS 
© FOR 
PURCHASER WILL PREPARE COORDINATION MEETING AGENDA (5.1.3) 
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JOB NO. 


PURCHASE ORDER NO. 
INQUIRY NO. 


REVISION 


© SHOP INSPECTIONS & TESTS: (4.1.1) 


© ADVANCE NOTIFICATION REQD: 
OBS'D 
@ SHOP INSPECTION: (4.1.3) 
@ HYDROSTATIC: (4.3.2) 
@ ¢HOUR COMBINED TEST: (4.3.4) 
© ASME, PTC-10 TEST: (4.3.5.1) 
INCLUDES ©) AIR FILTER; 
© AFTERCOOLER; 
a) 
© GUIDE VANE TEST: (4.3.5.2) 
© AT ______NON-100% POSITIONS 
© SOUND-LEVEL TEST: (4.3.6.3) 
© SPARE ROTOR TEST: (4.3.5.4) 
© SPARE ROTOR MECH ONLY: 
@ IMPELLER OVERSPEED TEST: (4.3.3) 
@ RADIOGRAPH OF IMPELLERS: (4.2.2.6) 
© RESID. UNBALANCE CHECK: (2.2.7.4.3) 
@ OL SYSTEM CLEAN: (4.3.4.2.2) 
@ conTROL SYSTEM CHECK: (4.3.4.2.4) 
@ BAG. SEAL, GEAR CHECK: (4.9.4.5.1) 
@ GEAR CONTACT CHECK: (4.3.4.5.3) 
@ CLEANLINESS CHECK - VESSELS: (4.2.3.3) 
@ CLEANLINESS CHECK - PIPING: (4.2.3.3) 
© HARDNESS CHECK OF PINIONS: (4.2.3.4) 
© OF BULL-GEAR: 
© OF WELD REPAIRS: 
© NDE OF MAJOR REPAIRS: (2.2.10.4.2) 
© GEAR TOOTH MAG-PART.: (4.2.2.8) 


© FINAL INSP. PRIOR TO PAINT: 


© INSP. OF PREP. FOR SHIPMENT: (4.4) 


O000 OOCODOO0 OOOOCCONON0N0NO O 


© PRIOR DOCUMENT. ON MAJOR REPAIRS NOT REQYD (2.2.10.4.3) 
© RETAIN FINAL ASSEMBLY CLEARANCES (4.2.1.1) 
oO SUBMITTAL OF INSPECTOR'S CHECKLIST (4.1.5) 
SIGNED BY REP FOR: © PURCHASER 
IF DESIGN REQ'S DISASSEMBLY OF PINION FOR BAG. INSPECTION, 
© FORGO BEARING INSPECTION BASED ON TEST DATA; OR 
© INSPECT BEARING AND RETEST. (4.3.4.5.2) 
(1 werent, xes. 
INTEG. GEAR/COMP: DRIVER: 
GEAR UPPER CASE: BULL-GEAR: 
ist STG. PINION: 2nd STG. PINION: 
INTERCOOLER: BUNDLE: 
AFTERCOOLER: BUNDLE: 
BASE: CONTROL PANEL: 
MAX. FOR MAINTENANCE (IDENTIFY): 
TOTAL SHIPPING WT.: 
[[] SPACE REQUIREMENTS (MM) 
COMPLETE UNIT: 
CONTROL PANEL: (IF SEP.) 
INLET FILTER - SILENCER: 
AFTERCOOLEAIF FURN.): 
OTHER: 


MM (3.2.1.9) 


Information Handling Services, 


DAYS (4.1.1) 


OBOE OROMORORONCRO ROM OLOROROROROROROLONORO 


O 8 wt oO on eo wy 


3 


=~“ es ee ow 
mR nw es DO) NHN 


API STD*b7?e2 9b MH 0732290 0559845 7TS 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS 


BASIC SYSTEM REQ'MTS. - NORMAL OIL FLOW (2.2.9.5.2) 
LUBE OIL TO: Ney (BARGXkPA) 

_] GOMP/GEAR: 

(_] DRIVER: 

EXT. GEAR: 

OIL SYSTEM PRESSURES: (BARG){kPA) 

SUPPLY: 

SYSTEM DESIGN: 


PUMP RAV SETTING: 
HYDROTEST: 


OIL COOLER: (2.2.9.5.5) 
SHELL SIDE 


OPERATING PRESSURE: (BAnGKKPA) 
MAX. ALLOW WORK PRESS: (BARGyKPA) 
[-] MAX. ALLOW TEMP: °C 

CT) FouLine Factor: 


(1) SURFACE AREA: Me 
(7) REMOVABLE BUNDLE TO BE FURNISHED 
([] ASME CODE STAMPED ©) DESIGNED TO TEMA 
Cl Tuses: No. LENGTH: 
WALL THICKNESS: 
©) MaTERIALs: 
CHANNELS/HEADS: 
TUBES: 
CHANNEL COVERS: 


Duty: 


0.0, 


TUBE SHEETS: 
TUBE SUPTS: 
OW FILTERS: (2.2.9.5.6) 
CC micron AaTING: 
£3) aPiearynray: CLEAN: 
{J ELEMENT: MAKE: 
J NO. ELEMENTS: 
C) cone matt: 
(0 sa. MAwe: 


© NOMINAL 
DIRTY: : 
MODEL: 
©) meoia: 
©) Hse. MATL: 
MAX, ALLOW TEMP. 


{BARGHKPA) 


OIL HEATER: (2.2.9.5.7) 

C) STEAM HEATER REQD; 
[] RATING: 

WATT DENSITY: 


CJ ELECTRIC HEATER REQ’D: 
“Ww 
Wic©t 


OIL RESERVOIR: (2.2.9.5.8) 
C) RETENTION TIME: 
FREE SURFACE AREA: 


INLET AIR FILTER/SILENCER: (3.7) 
} MER.: 
DESCRIPTION: 


PIPING CONNECTION: 


CLEAN AP, AS QUOTED: 


(2) CORROSION PROTECTION: 
© SILTER WILL BE REMOTE MOUNTED BY PURCHASER AT A DISTANCE 
M FROM COMPRESSOR. 


© FILTER WILL BE ELEVATED M ABOVE GRADE. 
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© ABSOLUTE 
COLLAPSE: 


INTL BAFFLES 


{BAR){kPA) 


JOB NO. 
PURCHASE ORDER NO. 
INQUIRY NO. 


REVISION 


LUBRICANT: (2.2.9.3) 
C) DESCRIPTION: 
(7) mn. ALLOW. OIL TEMP: (2.2.9.5.2) 


(3 syntueric 


() SYSTEM COMPONENT SUPPLIERS: 


MAIN PUMP: 
STANDBY PUMP: 


ELECTRIC MOTOR(S): 
STEAM TURBINE(S): 
OIL COOLERIS): 

OIL FILTERS: 
ACCUMULATORIS): 
SUGTION STRAINERS: 
CHECK VALVES: 
TRANSFER VALVE(S): 
PUMP COUPLING: 
PUMP RELIEF VALVES: 
ELECTRIC HEATER: 


TUBESIDE 


i 


PUMPS: (2.2.9.5.2) 
©) HORIZONTAL: 
(7) VERTICAL: 

() susmeraeo: 


(] motor oriven: 
TURBINE DRIVEN: 

(J SHAFT DRIVEN: 

() centriruaa: 

©) rotary: 

(©) FLANGE CONNECTED: 
[J MYH (RATED): 

(} @ (BARG)KPA) DISCH.: 
SKW @ MAX. SSU: 
DRIVER kW: 

CASING MATERIAL: 


'e| 


SPEED: 

© coup.ine: 

©) osna auano: 

(2) MECHANICAL SEAL: 


Hn 
mn 


STANDBY PUMP CONTROL RESET: 
©) MANUAL © AUTOMATIC 


DISCHARGE BLOWOFF SILENCER: (3.7) 

{_] MFR: 

[} DESCRIPTION: 

[_] FLANGE CONNECTION: 
MOUNTING: 


(C) HORIZONTAL {2 svertica 
© PIPinG (OTHER: 
[] SPL (dBA) AT 1M FROM DISCHARGE OF SILENCER: 


SUPPORTED BY; 


53 


Information 


mh 


©) HOA SELECTOR SWITCH 


Handling Services, 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS aaa 


CONTROLS AND INSTRUMENTATION (3.4) 


LOCAL CONTROL PANEL: (3.4.3) 
© ELECTRICAL AREA CLASSIFICATION: . GR (3.4.3.2) PURGE REQUIREMENT: (3.4.3.2) 

1LE.C. GR: . ZONE: : TEMP. CLASS: © None © INSTRUMENT AIR © NITROGEN 
PANEL ENCLOSURE REQUIREMENT: (3.4.3.2) (© TYPE X - REDUCES THE CLASSIFICATION FROM DIV.1 
C) NEMA TYPE 4X ENCLOSURE MODEL: (] NEMA TYPE 7 TO NONHAZARDOUS. 
Cl iectyPe: (1) ‘p"-FLAMEPROOF () ‘P-PRESSURIZED CJ -EINCREASED SAFETY {2 TYPE Y - REDUCES THE CLASSIFICATION FROM DIV.1 

To oWVv.2, 

PANEL FEATURES (3.4.3.2) (J TYPE 2 - REDUCES THE CLASSIFICATION FROM DIV.2 
© VIBRATION ISOLATORS (_] STRIP HEATER (7 INTERNAL COOLING TO NONHAZARDOUS. 
© WEATHERHOOD ( PURGE CONNECTIONS © OTHER 


INQUIRY NO. 


©) TROPICALIZATION REQUIRED (3.4.6.6) 


(INSTRUMENT SUPPLIERS: 
PRESSURE GAUGES: : SIZE & TYPE: 
TEMPERATURE GAUGES: A SIZE & TYPE: 
LEVEL GAUGES: : SIZE & TYPE: 
DIFF. PRESSURE GAUGES: : SIZE & TYPE: 
PRESSURE SWITCHES: . SIZE & TYPE: 
TEMPERATURE SWITCHES: SIZE & TYPE: 
LEVEL SWITCHES: : SIZE & TYPE: 
PRESSURE TRANSMITTERS: 3 SIZE & TYPE: 
TEMPERATURE TRANSMITTERS: 7 SIZE & TYPE: 
LEVEL TRANSMITTERS: o SIZE & TYPE: 
CONTROL VALVES: : SIZE & TYPE: 
PRESSURE RELIEF VALVES: : SIZE & TYPE: 
THERMAL RELIEF VALVES: : SIZE & TYPE: 
TEMPERATURE CONTROL VALVE: : SIZE & TYPE: 
SIGHT FLOW INDICATORS: : SIZE & TYPE: 
PURGE FLOW INDICATORS: : SIZE & TYPE: 
SOLENOID VALVES: : SIZE & TYPE: 
ANNUNCIATOR: : SIZE & TYPE: 
TUBE FITTINGS: : SIZE & TYPE: 


SIZE & TYPE: 
SIZE & TYPE: 
SIZE & TYPE: 
SIZE & TYPE: 


SWITCH CLOSURES: (3.4.5.3.2) 


ALARM CONTACTS SHALL: C OPEN © crose TO SOUND ALARM AND BE NORMALLY © ENERGIZED ©  DE-ENERGIZED 

SHUTDOWN CONTACTS SHALL: © OPEN © cose TO TRIP AND BE NORMALLY © ENERGIZED © 0€-ENERGIZED 
(NOTE: NORMAL CONDITION IS WHEN COMPRESSOR IS IN OPERATION.) 

© SHUTDOWN SYSTEMS ARE NOT TO BE PROVIDED WITH A MEANS TO PERMIT TESTING WITHOUT SHUTTING DOWN THE UNIT. (3.4.5.3.3) 

© NON-SHUTDOWN DEVICES ARE NOT REQUIRED TO HAVE VALVING TO PERMIT REPLACEMENT DURING OPERATION. (3.4.5.4.1) 

© ISOLATION VALVES ARE REQUIRED FOR SHUTDOWN SENSING DEVICES. (3.4.5.4.1) 


MISCELLANEOUS INSTRUMENTATION: 


© THROUGH FLOWING INSTRUMENT SENSING LINE REQUIRED. (3.5.2.4) 

© LIQUID FILLED GAUGES ARE REQUIRED FOR AREAS SUBJECT TO VIBRATION, (3.4.4.4.1) 

© RELIEF VALVES MAY HAVE BODIES IN MATERIALS OTHER THAN STEEL. (3.4.4.8.2.) (©) RV Booy MATERIAL: 
© THERMAL RELIEFE VALVES REQUIRED FOR COMPONENTS THAT CAN BE ISOLATED. (3.4.4.9.1) 


© FLOW INDICATOR TYPE/MATERIAL IF OTHER THAN BULLS EYE TYPE WITH STEEL BODY: (3.4.4.9.1) 


©-PURGE REQUIRED FOR ANNUNCIATOR. (3.4.5.2) NFPA 496 PURGE TYPE: cS x cS ¥ > Zz ee} CONNECTION ONLY 
©? COMBINATION BLOCK & BLEED VALVES MAY BE SUBSTITUTED. (3.5.3.1) 
© 
Co 
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JOB NO. 


PURCHASE ORDER NO, 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS eis 


INSTRUMENTATION SCOPE OF SUPPLY 


INQUIAY NO. bY 


ramets 
[ maewey | ree [_tcoanon | netaney [prover | socxnow | 
5 

g|a|2 g|2|a 3 

Bie] S/2 12/8 | 8] 8 Bla) alelsls 

z e|@le ele/Siilsls 

Ca a 0 rem emer raed (09) (Se Fe] [a er) sl ae eee (Ac J (a (as 
|__comenessonsucrion——_smage CCT EET TTT 
a A erm em) PP [hy Ve, (VN, G(R (Ue es 
is I a re itt ee IE ee eo ert fe 
Pp twecoururenar ee 
eee OO eg ee ee ea 
i SMTP ee I er ee | 
a a eee ag ee ee ee ee 
pM SS ee ee ais eel le Pe ei 
COMPRESSOR SUCTION STAGE FS eC) a Oa (ne FN ee 
OME SOR OSE SRE pc ee eee re clea? Wea pe ihal 
fs SSI COTENLE TN CT ee eee le 
Ne) (F(a (GP (i) GG) (ed ( 
ee ER US eee ee EN SU eee a seat ad 
f= SENT 6 ah Sg ee A SE De ao 
fis a DRIER OUBN OO a fe ie eee 
me 
ee eS eee Ia 
i eee re ae oe ee ee 
RENEE aS ae es ee ee Se ee re oleae 
fa URS IESE SB er ace ee ee ee ee 
ip a ee ee i Se ep alee el 
eer cae eee ie) Ct (NE 
A pe ns Fg a ets ee pale 
RADIAL VIBRATION EACH STAGE rf ttt titel | TT ETT Tet 
cc 
[f= UE ORION SSL GRU Se Ce eee 
[LUE oka ee ee ee oe) etl al oper os [a | 
Cai (0 aE OE) CF 
i US OSTIIGR CRT DIVER Sg a lee ae bale ee 
RT NE EN ee fe is te fea [eee 


NO go ty ee ee ge ede ee el 
ae ep) (2 (Se (en ed 
Fe a Peeper (i (27) (Ed (Ee Ge es (al 
LS SSSTAREI SOMME eh a ee ed ade al |e ee 
aS PANEL RDS CANOES <7 c= a ee ae eee pt bf hte) | 
f= ARMORGTON PURGE FANCURE ee ee ae all 
as SER HECOGNO TS pant ee a alee 
2 a i ere Win Tena ene 
le SOOMMON PMO E ADMEMINDIERORS pC eo de ele le ele aip te Jose 

COMMON REMOTE SHUTDOWN INDICATION Yt | tt 

NOTES: 1) TRANSMITTERS SUPPLIED BY VENDOR SHALL INCLUDE SENSING ELEMENT. 
2) SUPPLY "REPEAT SIGNAL" FOR CONTROL ROOM ALSO. 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
S!UNITS 


INQUIRY NO. 


REVISION 


al SIZE: TYPE: }HOR = (_] Vert CONNECTED IN: PARALLEL [_] SERIES 
4] SURF/UNIT (GROSS/EFF.) SQ.M: SHELLS/UNIT: SURF./SHELL (GROSS/EFF.) SQM 


PERFORMANCE OF ONE UNIT 
SHELL SIDE TUBE [TSEC (SSCsdY 


© FLUID NAME 

(J FLUID QUANTITY, TOTAL (KG/H) 
VAPOR - IN/OUT 
LIQUID - INOUT 
TEMPERATURE - IN/OUT (°C) 
() sPEciFiC GRAVITY 
VISCOSITY, LIQUID (CP) (SSU) 
(7) SPECIFIC HEAT (KCALKG~*C) 
THERMAL CONDUCTIVITY (KCAL-M/H-M-"0) 
LATENT HEAT (KGAL/KG-°C) 

(J INLET PRESSURE (BARG)(KPA) 

(©) vetocrry (msec) 

C1) PRESSURE DROP - ALLOW/CALC. (BARG)}(KPA} 
©) FouLine RESISTANCE - MINIMUM 


©) HEAT EXCHANGED 
(_) TRANSFER RATE (KCAL/H-BéE°C): SERVICE 


DESIGN/TEST PRESS. (BARG)}KPA) 
DESIGN TEMPERATURE (°C) 

NO. PASSES PER SHELL 
CORROSION ALLOWANCE (MM) 


TUBE NO. (MM); THK (MIN. AVG.) (MM); LENGTH (M); PITCH {MM) <] 30 A 60 oJ 90 ces 45 


TUBE TYPE: : MATERIAL 

SHELL MATL. : tie) (MM); OD (MM); SHELL COVER MATL. (INTEG.) (REMOV.) 
CHANNEL OR SONNET MATL. CHANNEL COVER MATL. 

TUBESHEET - STATIONARY MATL. TUBESHEET - FLOATING MATL. 


FLOATING HEAD COVER MATL. IMPINGEMENT PROTECTION, 

BAFFLES - GROSS MATL. ‘% CUT (DIAM.) (AREA) SPACING: C/C: INLET (MM) 
BAFFLES - LONG. MATL. SEAL TYPE 

SUPPORTS - TUBE U-BEND TYPE: 
BYPASS SEAL ARRANGEMENT. TUBE - TUBESHEET JOINT 

GASKETS - SHELL SIDE + TUBE SIDE 
- FLOATING HEAD 
ASME SECT. Vill CODE REQUIREMENTS: (“] DESIGN & TEST L_] STAMP (J Not ApPuc. TEMA CLASS 

WEIGHT/SHELL (KG); FILLED W/ WATER (KG); BUNDLE (KG) 
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JOB NO. 


PURCHASE ORDER NO. 


INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 
SI UNITS eine 


INQUIRY NO. 


2] MANUFACTURER: SERIAL NO.: FRAME: 


DRIVEN EQUIPMENT TYPE: ORIVEN EQUIPMENT ITEM NO.: MOTOR ITEM NO.: 


————— 


SITE DATA: (3.1.1) 
ELECTRICAL SUPPLY: VOLTS . PHASE 
ELECTRICAL AREA CLASSIFICATION: © NON-HAZARDOUS 
© cuss , GROUP , DIVISION 


ATMOSPHERIC MIXTURE: 


IGNITION TEMPERATURE: “(FXC); TEMP. CODE: © Futt VOLTAGE ©) REDUCED VOLTAGE 
ALTITUDE: © LESS THAN 1000 © © oaveo © UNLOADED 
AMBIENT TEMPERATURE: © BETWEEN -25 & 40°C Cc © vovtaee or 


UNUSUAL CONDITIONS: 
ge 


ORIVE SYSTEM: 
© DIRECT CONNECTED © EXTERNAL GEAR 
© oTHer 


STARTING: (3.1.3)3.1.6) 


NO LOAD CURRENT (AMPS) 


a POWER FACTOR 
Ri ewroree hn 


STARTS PER HOUR: COLD 
ACCELERATION TIME: SECONDS 


rr, 


LOGKED ROTOR he ace a oe al 


ie) CONSTRUCTION FEATURES 


[7] NAMEPLATE: HP, RPM MOTOR ROTATION: (FACING END OPPOSITE SHAFT EXTENSION) 
NEMA TORQUE DESIGN: Oa Os Oc On Cicw (lccw 3 Clsvomectionat 
(_] NEMA LOCKED ROTOR kVA CODE LETER: 


INSULATION CLASS: Cs @F Comer 
EFFICIENCY: © STANDARD © wGH © premium @ Non-nyaroscoric © TROPICALIZED 


re, 


NOISE DESIGN: © STANDARO © Low noise 
© MAX. SOUND PRESSURE LEVEL (dBA) @ 1 M: 
(“) EXPECTED SPL (dBA) @ 1M: 


TEMPERATURE RISE: (DEFAULT {5 80°C ABOVE 40°C BY RES. @ 1.0) 
°C ABOVE Pel BY: e 


(2) MOTOR To BE ‘THERMALLY PROTECTED" 
ENCLOSURE: ©) terc (] Tenv C) EXPLOSION PROOF (7) MOTOR TO BE ‘OVER TEMP PROT: *- 
( ‘0--FLAMEPROOF C) -P*-PRESSURIZED C] ‘e"-INCREASED SAFETY TYPE "1 - WINDING - RUNNING & LOCKED-ROTOR PROTECTED" 
MOUNTING: ( HORIZONTAL (©) VERTICAL TYPE °2 - ‘WINDING - RUNNING PROTECTED" 
(} FooTMOUNTED §«=—s () FLANGE MOUNTED [_] TYPE ‘3 - "WINDING - PROTECTED, NON-SPECIFIC" 
SHAFT UP SHAFT DOWN 


© SPACEHEATER REQD. RATED aT: 
MAIN TERMINAL BOX MOUNTING LOCATION: Cl et Cl re C vorrs , PHASE 


(7) MAX SHEATH TEMPERATURE: 
FAN: REVERSIBLE J UN-DIREGTIONAL @ Non-sPARKING ©) SEPARATE JUNCTION BOX FOR SPACE HEATER LEADS 


BEARING TYPE: (J Bau (7) Rowen “7 steeve MOTOR THRUST LOAD: ae, 


VU N © NONE 
BEARING LUBRICATION: Q GREASE fe RING OL Ol MIST DIRECTION OF THRUST: @) TOWARD COUPLING oO AWAY FROM COUPLING 


‘) 
GREASE FITTING: ( pLueeep © ALeMITe © OTHER [7] MOTOR THRUST RATING: N 
BEARING SHIELDING: (J sincte ©) pouste © SEALED FORLIFE 


TESTING MISCELLANEOUS 


IEEE TESTING: © OBSERVED C WITNESSED © SUBMIT CERTD RESULTS PAINTING: © \GEE 841 STD. 
© SPECIAL TESTING: © 


© oTHer: 


Sa — ee ee 
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INTEGRALLY GEARED CENTRIFUGAL 
AIR COMPRESSOR DATA SHEET 


SI UNITS 
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INQUIRY NO. 


REVISION 


COUPRESSOR OBOUAROE [OE 
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APPENDIX C—CRITICAL SPEEDS AND DAMPED UNBALANCED RESPONSE ANALYSIS 


C.1 Critical Speeds 


Note: For detailed discussion of rotordynamics refer to API Recommended 
Practice 684. 

C.1.1. When the frequency of a periodic forcing phenome- 
non (exciting frequency) applied to a rotor-bearing support 
system coincides with a natural frequency of that system, 
the system may be in a state of resonance. 


C.1.2 A rotor-bearing support system in resonance will 
have its normal vibration displacement amplified. The mag- 
nitude of amplification and the rate of phase-angle change 
are related to the amount of damping in the system and the 
mode shape taken by the rotor. 

Note: The mode shapes are commonly referred to as the first rigid (transla- 
tory or bouncing) mode, the second rigid (conical or rocking) mode, and 
the (first, second, third, ..., nth) bending mode. 

C.1.3 When the rotor amplification factor (see Figure C- 
1), as measured at the shaft radial vibration probes, is 
greater than or equal to 2.5, that corresponding frequency is 
called critical speed. For the purposes of this standard, a 
critically damped system is ‘one in which the amplification 
factor is less than 2.5. 


C.1.4 Anexciting frequency may be less than, equal to, or 
greater than the rotational speed of the rotor. Potential excit- 
ing frequencies that are to be considered in the design of 
rotor-bearing systems shall include, but are not limited to 
the following sources: 


Unbalance in the rotor system. 

. Oil-film instabilities (whirl). 

Internal rubs. 

. Blade, vane, nozzle, and diffuser passing frequencies. 
. Gear-tooth meshing and side bands. 

Coupling misalignment. 

. Loose rotor-system components. 

. Hysteretic and friction whirl. 

Boundary-layer flow separation. 

Acoustic and aerodynamic cross-coupling forces. 
. Asynchronous whirl. 


rors Ao OO oP 


C.2 Lateral Analysis 


C.2.1 When specified, the vendor shall provide a damped 
unbalanced-response analysis for each machine to assure accept- 
able amplitudes of vibration at any speed from zero to trip. 


C.2.2 The damped unbalanced-response analysis shall 
include, but shall not be limited to the following considerations: 


a. Support (base, frame, and bearing-housing) stiffness, 
mass, and damping characteristics, including effects of rota- 
tional speed variation. The vendor shall state the assumed 
support-system values and the basis for these values (for exam- 
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ple, test of identical rotor support systems, assumed values). 

b. Bearing lubricant-film stiffness and damping changes 
due to speed, load, preload, oil temperatures, accumulated 
assembly tolerances, and maximum-to-minimum clearances. 
c. Rotational speed, including the various starting-speed 
detents, operating speed, and load ranges (including agreed- 
upon test conditions if different from those specified), trip 
speed, and coast-down conditions. 

d. Rotor masses, including the mass moment of coupling 
halves, stiffness, and damping effects (for example, accu- 
mulated fit tolerances, fluid stiffening and damping, and 
frame and casing effects). 

e. Asymmetrical loading (for example, partial arc admis- 
sion, gear forces, and eccentric clearances). 

f. The influence over the operating range of the calculated 
values for hydrodynamic stiffness and damping generated 
by the casing-end seals. 


C.2.3. The damped unbalanced-response analysis shall 
include the following: 


a. A plot and identification of the mode shape at each reso- 
nant speed (critically damped or not) from zero to trip, as 
well as the next mode occurring above the trip speed. 

b. Frequency, phase, and response amplitude data (Bode 
Plots) at the vibration probe locations through the range of 
each critical speed, using the following arrangement of 
unbalance for the particular mode. This unbalance shall be suf- 
ficient to raise the displacement of the rotor at the probe loca- 
tions to the vibration limit defined by the following equation: 


In SI units, 
Eas [le 008 (C-1) 
N 
In customary units: 
12, 000 
Ly = N 


Where: 


Ly = vibration limit (amplitude of unfiltered vibration), 
in micrometers (mils) peak to peak. 

N = operating speed nearest the critical of concern, in 
revolutions per minute. 

This unbalance shall be no less than two times the unbal- 
anced defined by the following equation: 
In SI units: 

U = 6350W/N (C-2) 
In customary units, 


U=4WIN 
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CRE ,, 
_—~0:707 peak _ 
Nex N, Nen 
Revolutions per minute 
N,4 = Rotor first critical, center frequency, cycles per minute. 
Nen = Critical speed, nth. 
N, = Rated speed. 
N, = Initial (lesser) speed at 0.707 x peak amplitude (critical). 
No = Final (greater speed at 0.707 x peak amplitude (critical). 
N.—N, = Peak width at the half-power point. 
AF = Amplification factor 
Not 
No—Ny 
SM = Separation margin. 
CRE = Critical response envelope. 
Aci = Amplitude at Ny. 
Aen = Amplitude at N,,. 
Note: The shape of the curve is for illustration only and does not necessarily represent any 
actual rotor response plot. 
Figure C-1—Rotor Response Plot 
Where: coupling engagement plane, the centerlines of the bearings, 


U = input unbalance from the rotor dynamic response 
analysis, in gram-millimeters (ounce-inches). 

W = journal static weight load in kilograms (pounds) or 
for bending modes where the maximum deflection 
occurs at the shaft ends, the overhung weight load 
(that is the weight outboard of the bearing) in kilo- 
grams (pounds). 

N = operating speed nearest the critical of concern, in 
revolutions per minute. 


The unbalance weight or weights shall be placed at the 
locations that been analytically determined to affect the par- 
ticular mode most adversely. For translatory modes, the 
unbalance shall be based on both journal static weights and 
shall be applied at the locations of maximum displacement. 
For conical modes, each unbalance shall be based on the 
journal weight and shall be applied at the location of maxi- 
mum displacement of the mode nearest the journal used for 
the unbalanced calculation, 180 degrees out of phase. Fig- 
ures C-2A and C-2B, show the typical mode shapes and 
indicate the location and definition of U for each of the 
shapes. 


c. Modal diagrams for each response in the preceding Item 
b, indicating the phase and major-axis amplitude at each 
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the locations of the vibration probes, and each seal area 
throughout the machine. The minimum design diametral 
running clearance of the seals shall also be indicated. 

d. A verification test of the rotor unbalance, to establish the 
validity of the analytical model. A verification test of the 
rotor unbalance is required at the completion of the mechan- 
ical running test. Therefore, additional plots based on the 
actual unbalance to be used during the test shall be provided 
as follows: For machines that meet the requirements of 
C.2.3, Item b, and C.2.4, additional Bode plots, as specified 
in C.2.3, Item b, shall be provided. The location of the test 
unbalanced shall be determined by the vendor. The amount 
of unbalance shall be sufficient to raise the vibration levels, 
as measured at the vibration probes, to those specified in 
C.2.3, Item b. In all cases, the unbalance plots shall include 
the effects of any test-stand conditions (including the effects 
of test seals) that may be used during the verification test of 
the rotor unbalance (see C.3). 

e. Unless otherwise specified, a stiffness map of the 
undamped rotor response from which the damped unbal- 
anced-response analysis specified in Item c of this section 
was derived. This plot shall show frequency versus support- 
system stiffness with the calculated support-system stiffness 
curves superimposed. 
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Maximum 


Pe deflection 
i, U = 6350 (W; + Wo) /N 


W, W, 


TRANSLATORY FIRST RIGID 


tu 


—— | U = 6350 (W, + W.) /N 


W, We 


FIRST BENDING 


U = 6350 W;/N 
ff yt 
W, W2 


W; 


OVERHUNG, CANTILEVERED 


tu, 


U, = 6350 W, /N 


t | Uz = 6350 W, /N 


Vu, 


CONICAL, ROCKING SECOND RIGID 


te U, = 6350 W, /N 


SECOND BENDING 


W; Ww, U = 6350 (W, or W,) /N 


rT] (Use larger of W, or W4) 


fu I 


We 


OVERHUNG, RIGID 


Note: See Section C.2.3 for definitions of the variables. 


Figure C-2A—Typical Mode Shapes, S| Units 


f. For machines whose bearing support system stiffness 
values are less than or equal to 3.5 times the bearing stiff- 
ness values, the calculated frequency-dependent support 
stiffness and damping values (impedences) or the values 
derived from modal testing. The results of the damped 
unbalanced-response analysis shall include Bode plots that 
compare absolute shaft motion relative to the bearing housing. 


C.2.4 The damped unbalanced-response analysis shall 
indicate that the compressor in the unbalanced condition 
described in C.2.3, Item b, will meet the following accep- 
tance criteria (see Figure C-1): 


a. If the amplification factor is less than 2.5, the response is 
considered critically damped, and no separation margin is 
required. 

b. If the amplification factor is 2.5-3.55, a separation mar- 
gin of 15 percent above the rated speed and 5 percent below 
the rated speed is required. 

c. If the amplification factor is greater than 3.55 and the 
critical response peak is below the rated speed, the required 
separation margin (a percentage of rated speed) is equal to 
the following: 


SM = 100 - [84 + 6/ (AF - 3)] (C-3) 
Where: 
SM = separation margin. 


AF = amplification factor. 


d. Ifthe amplification factor is greater than 3.55, and the 
critical response peak is above the trip speed, the required 
separation margin (a percentage of rated speed) is equal to 
the following: 


SM = (126 + 6/ (AF - 3)] - 100 (C-4) 


C.2.5 The calculated unbalanced peak-to-peak rotor 
amplitudes (see C.2.3, Item b) at any speed from zero to trip 
shall not exceed 75 percent of the minimum design diame- 
tral running clearances throughout the machine (with the 
exception of floating-ring seal locations). 


C.2.6 If, after the purchaser and the vendor have agreed 
that all practical design efforts have been exhausted, the 
analysis indicates that the separation margins still can not be 
met, acceptable amplitudes shall be mutually agreed upon 
by the purchaser and the vendor, subject to the requirements 
of C.2.5. 
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Maximum deflection 


ade 
A, U=4 (W, + We) IN 


W, Wa 


TRANSLATORY FIRST RIGID 


tu 
ae U=4 (W, +W,)/N 


FIRST BENDING 


OVERHUNG, CANTILEVERED 


=4W,/N 
— Pe 


CONICAL, ROCKING SECOND RIGID 


U, =4W, /N 


w, =4W,/N 
pu: 2 2 


SECOND BENDING 


4 
W, Ws; 
Cl U = 4 (W, or W,) /N 
4 Ww 4 (Use larger of W, or W4) 
1 
We 


OVERHUNG, RIGID 


Note: See Section C.2.3 for definitions of the variables. 


Figure C-2B—Typical Mode Shapes, U.S. Customary Units 


C.3 Shop Verification of Unbalanced 
Response Analysis 


C€.3.1. A demonstration of rotor response at future unbal- 
anced conditions is necessary because a well-balanced rotor 
may not be representative of future operating conditions 
(see C.2.3, Item d). This test shall be performed as part of 
the mechanical running test (see 4.3.4), and the results shall 
be used to verify the analytical model. Unless otherwise 
specified, the verification test of the rotor unbalance shall be 
performed only on the first rotor (normally the spare rotor, if 
two rotors are purchased). The actual response of the rotor 
on the test stand to the same unbalanced weight as was used 
to develop the Bode plots specified in C.2.3 shall be the cri- 
terion for determining the validity of the damped unbalanced- 
response analysis. To accomplish this, the following procedure 
shall be followed. 


a. During the mechanical running test (see 4.3.4), the 
amplitudes and phase angle of the indicated vibration at the 
speed nearest the critical or criticals of concern shall be 
determined. 

b. A trial weight, not more than one-half the amount calcu- 
lated in C.2.3, Item b, shall be added to the rotor at the loca- 


tion specified in C.2.3, Item d, 90 degrees away from the 
phase of the indicated vibration at the speed closest to the 
critical or criticals of concern. 
c. The machine shall then be brought up to the operating 
speed nearest the critical of concern, and the indicated 
vibration amplitudes and phase shall be measured. The 
results of this test and the corresponding indicated vibration 
data from Item a of the following shall be vectorially added 
to determine the magnitude and phase location of the final 
test weight required to produce the required vibration 
amplitudes. 
d. The final test weight described in Item c of the following 
shall be added to the rotor, and the machine shall be brought 
up to the operating speed nearest the critical of concern. When 
more than one critical exists, additional test runs shall be per- 
formed for each, using the highest speed for the initial test run. 
Note: It is recognized that the dynamic response of the unit on the test 
stand will be a function of the agreed-upon test conditions and that unless 
the test-stand results are obtained at the conditions of pressure, tempera- 
ture, speed, and load expected in the field, they may not be the same as the 
results expected in the field. 
C.3.2 The parameters to be measured during the test shall 
be speed and shaft synchronous (1x) vibration amplitudes 
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with corresponding phase. The vibration amplitudes and 
phase from each pair of x-y vibration probes shall be vecto- 
rially summed at each response peak to determine the maxi- 
mum amplitude of vibration. The major-axis amplitude of 
each response peak shall not exceed the limits specified in 
C.2.5. (More than one application of the unbalance weight 
and test run may be required to satisfy these criteria.) 

The gain of the recording instrumentation used shall be 
predetermined and preset before the test so that the highest 
response peak is within 60 percent to 100 percent of the 
recorder's full scale on the test-unit coast-down (decelera- 
tion; see C.3.4). The major-axis amplitudes at the operating 
speed nearest the critical or criticals of concern shall not 
exceed the values predicted in accordance with C.2.3, Item 
d, before coast-down through the critical of concern. 


C.3.2.1.  Vectorial addition of slow-roll (300 revolutions 
per minute—600 revolutions per minute) electrical and 
mechanical runout is required to determine the actual vibra- 
tion amplitudes and phase during the verification tests. Vec- 
torial addition of the bearing-housing motion is required 
for machines that have flexible rotor supports (see C.2.3, 
Item f). 


Note 1:The phase of each vibration signal, x or y, is the angular measure in 
degrees, of the phase difference (lag) between a phase reference signal 
(from a phase transducer sensing a once-per-revolution mark on the rotor, 
as described in AP] Standard 670) and the next positive peak in time of the 
synchronous (1x) vibration signal. (A phase change will occur through a 
critical or if a change in a rotor's balance condition occurs because of shift- 
ing or looseness in the assembly.) 


Note 2: The major-axis amplitude is properly determined from lissajous 
(orbit) display on an oscilloscope or equivalent instrument. When the 
phase angle between the x and y signals is not 90 degrees, the major-axis 
amplitude can be approximated by (x2 + y2) 0.5. When the phase angle 
between x and y signals is 90 degrees, the major-axis amplitude value is the 
greater of the two vibration signals. 


C.3.2.2 The results of the verification test shall be com- 
pared with those from the original analytical model. The 
vendor shall correct the model if it fails to meet any of the 
following criteria: 


a. The actual critical speeds shall not deviate from the pre- 
dicted speeds by more than + 5 percent. 

b. The predicted amplification factors shall not deviate 
from the actual test-stand values by more than + 20 percent. 
c. The actual response peak amplitudes, including those 
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that are critically damped, shall be within + 50 percent of 
the predicted amplitudes. 


C.3.3 Additional testing will be required if, from the test 
data just described or from the damped, corrected unbal- 
anced response analysis (see C.3.2.2.), it appears that either 
of the following conditions exists: 


a. Any critical response will fail to meet the separation 
margin requirements (see C.2.4). 
b. The requirements of C.2.5 have not been met. 


C.3.4 Rotors requiring additional testing per C.3.3 shall 
receive additional testing as follows: Unbalance weights 
shall be placed as described in C.2.3, Item b; this may 
require disassembly of the machine for placement of the 
unbalance weights. Unbalanced magnitudes shal! be 
achieved by adjusting the indicated unbalance that exists in 
the rotor from the initial run to raise the displacement of the 
rotor at the probe location to the vibration limit defined by 
Equation C.1 (See C.2.3, Item b) at the rated speed; how- 
ever, the unbalance used shall be no less than twice the 
unbalance limit specified in 2.2.7.4.2. The measurements 
from this test, taken in accordance with C.3.2, shall meet the 
following criteria: 


a. At no speed outside the operating speed range, including 
the separation margins, shall the shaft deflections exceed 90 
percent of the minimum design running clearances. 

b. At no speed within the operating speed range, including 
the separation margins, shall the shaft exceed 55 percent of 
the minimum design running clearances or 150 percent of 
the allowable vibration limit at the probes (see C.2.3, 
Item b). 

The internal deflection limits specified in C.3.4, Items a 
and b, shall be based on the calculated displacement ratios 
between the probe locations and the areas of concern identi- 
fied in C.2.3, Item c. Actual internal displacements for 
these tests shall be calculated by multiplying these ratios by 
the peak readings from the probes. Acceptance will be based 
on these calculated displacements, or inspection of the seals 
if the machine is opened. Damage to any portion of the 
machine as a result of this testing shall constitute failure of 
the test. Minor internal rubs that do not cause clearance 
changes outside the vendor's new-part tolerance do not con- 
stitute damage. 


Information Handling Services, 


API STDx*b?2 96 MM 0732290 0559454 353 


APPENDIX D—PROCEDURE FOR DETERMINATION OF RESIDUAL UNBALANCE 


D.1 Scope 


This appendix describes the procedure to be used to 
determine residual unbalance in machine rotors. Although 
some balancing machines may be set up to read out the 
exact amount of unbalance, the calibration can be in error. 
The only sure method of determining residual unbalance is 
to test the rotor with a known amount of unbalance, 


D.2 Definition 


Residual unbalance refers to the amount of unbalance 
remaining in a rotor after balancing. Unless otherwise spec- 
ified, residual unbalance shall be expressed in gemm or oz-in. 


D.3 Maximum Allowable Residual 
Unbalance 


D.3.1| The maximum allowable residual unbalance per 
plane shall be determined from the equation in 2.2.7.4.2 of 
this standard. 


D.3.2 If the actual static weight load on each journal is 
not known, assume that the total rotor weight is equally sup- 
ported by the bearings. For example, a two bearing rotor 
weighing 2700 kg (6000 lbs) would be assumed to impose a 
static weight load of 1350 kg (3000 Ibs) on each journal. 


D.4 Residual Unbalance Check 
D.4.1. GENERAL 


D.4.1.1 When the balancing machine readings indicate 
that the rotor has been balanced to within the specified toler- 
ance, a residual unbalance check shall be performed before 
the rotor is removed from the balancing machine. 


D.4.1.2 To check the residual unbalance, a known trial 
weight is attached to the rotor sequentially in six (or twelve, 
if specified by the purchaser) equally spaced radial posi- 
tions, each at the same radius. The check is run in each cor- 
rection plane, and the readings in cach plane are plotted on a 
graph using the procedure specified in D.4,2. 


D.4.2 PROCEDURE 


D.4.2.1  Sclect a trial weight and radius that will be equiv- 
alent to between one and two times the maximum allowable 
residual unbalance [that is, if Umax is 1440 gemm (2 02-in.), 
the trial weight should cause 1440-2880 gemm (2-4 oz-in.) 
of unbalance]. 


D.4.2.2 Starting at the last known heavy spot in each cor- 
rection plane, mark off the specified number of radial posi- 
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tions (six or twelve) in equal (60 or 30 degree) increments 
around the rotor. Add the trial weight to the last known 
heavy spot in one plane. If the rotor has been balanced very 
precisely and the final heavy spot cannot be determined, add 
the trial weight to any one of the marked radial positions. 


D.4.2.3 To verify that an appropriate trial weight has been 
selected, operate the balancing machine and note the units 
of unbalance indicated on the meter. If the meter pegs, a 
smaller trial weight should be used. If little or no meter 
reading results, a larger trial weight should be used. Little or 
no meter reading generally indicates that the rotor was not 
balanced correctly, the balancing machine is not sensitive 
enough, or a balancing machine fault exists (i.e., a faulty 
pickup). Whatever the error, it must be corrected before pro- 
ceeding with the residual check. 


D.4.2.4 Locate the weight at each of the equally spaced 
positions in turn, and record the amount of unbalance indi- 
cated on the meter for each position. Repeat the initial posi- 
tion as a check. All verification shall be performed using 
only one sensitivity range on the balance machine. 


D.4.2.5 Plot the readings on the residual unbalance work 
sheet and calculate the amount of residual unbalance (see 
Figure D-1). The maximum meter reading occurs when the 
trial weight is added at the rotor’s heavy spot; the minimum 
reading occurs when the trial weight is opposite the heavy 
spot. Thus, the plotted readings should form an approximate 
circle (see Figure D-2). An average of the maximum and 
minimum meter readings represents the effect of the trial 
weight. The distance of the circle’s center from the origin of 
the polar plot represents the residual unbalance in that 
plane. 


D.4.2.6 Repeat the steps described in D.4.2.1 through 
D.4.2.5 for each balance plane. If the specified maximum 
allowable residual unbalance has been exceeded in any bal- 
ance plane, the rotor shall be balanced more precisely and 
checked again. If a correction is made in any balance 
plane, the residual unbalance check shall be repeated in all 
planes. 


D.4.2.7 For stack component balanced rotors, a residual 
unbalance check shall be performed after the addition and 
balancing of the first rotor component, and at the comple- 
tion of balancing of the entire rotor, as a minimum. 


Note: This ensures that time is not wasted and rotor components are not 
subjected to unnecessary material removal in attempting to balance a multi- 
ple component rotor with a faulty balancing machine. 
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Equipment (Rotor) No.: 
Purchase Order No.: 
Correction Plane (inlet, drive end, etc.—use sketch): 


Balancing Speed: rpm 


N—Maximum Allowable Rotor Speed: rpm 
W—Weight of Journai (closest to this correction plane): kg (Ibs) 


Umax—Maximum Allowable Residual Unbalance = 
6350 W/N (4 W/N) 


6350 ¥_ sig rpm; 4 ¥ Ibs/_ rpm gemm (0z-in.) 
Trial unbalance (2 ¥ U,,,,) gernm (0z-in.) 
R—Radius (at which weight will be placed): mm (in.) 

Trial Unbalance Weight = Trial Unbalance/R 
—__gernm/__ ee mm/__oz-in./__in. g (oz) 


Conversion Information: 1 ounce = 28.350 grams 


Test Data Rotor Sketch 


Trial Weight 
Angular Location 


Balancing Machine 
Amplitude Readout 


Test Date—Graphic Analysis 
Step 1: Plot data on the polar chart (Figure D-1). Scale the chart so the largest and smallest 
amplitude will fit conveniently. 
Step 2: With a compass, draw the best fit circle through the six points and mark the center of this circle. 
Step 3: Measure the diameter of the circle in units of 


scale chosen in Step 1 and record. units 
Step 4: Record the trial unbalance from above. gemm {(0z-in.) 
Step 5: Double the trial unbalance in Step 4 (may use 

twice the actual residual unbalance). gemm (0z-in.) 
Step 6: Divide the answer in Step 5 by the answer in Step 3. Scale Factor 


You now have a correlation between the units on the polar chart and the gein of actual balance. 


Notes: 
1. The trial weight angular location should be referenced to a keyway or some other permanent marking on 
the rotor. 

2. The balancing machine amplitude readout for position “7” should be the same as position “1,” indicating 
repeatability. Slight variations may result from imprecise positioning of the trial weight. 


Figure D-1—-Residual Unbalance Work Sheet 
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The circle you have drawn must contain the origin of the polar chart. If it doesn't, 
the residual unbalance of the rotor exceeds the applied test unbalance. 

NOTE: Several possibilities for the drawn circle not including the origin of the po- 
lar chart are operator error during balancing, a faulty balancing machine pickup or 
cable, or the balancing machine is not sensitive enough. 

If the circle does contain the origin of the polar chart, the distance between origin 
of the chart and the center of your circle is the actual residual unbalance present 
on the rotor correction plane. Measure the distance in units of scale you choose in 
Step 1 and multiply this number by the scale factor determined in Step 6. Distance 


in units of scale between origin and center of the circle times scale factor equals 
actual residual unbalance. 


Record actual residual unbalance (gemm)(oz-in.) 


Record allowable residual unbalance (from Figure D-1)___(gemm)(oz-in.) 
Correction plane for Rotor No.____————__—s (has/has not) passed. 
By Date 


Figure D-1—Residual Unbalance Work Sheet (Continued) 


09:57:29 


Information Handling 


Services, 


COPYRIGHT 2000 American Petroleum Institute 
Febuary 04, 2000 09:57:29 


API STDx*b?e Sb MB O732°90 0559861 745 


72 AP! Stanparo 672 


Equipment (Rotor) No.: 


Purchase Order No.: 


Correction Plane (inlet, drive end, etc.-use sketch): 
Balancing Speed: 800 rm 


N—Maximum Allowable Rotor Speed: 10,000 rm 
W—Weight of Journal (closet to this correction plane): 908 kg-(Ibs) 


Umax—Maximum Allowable Residual Unbalance = 
6350 W/N (4 WAN) 
6350-4 —_ ke pm; 4 ¥ _ 908 Ibs/_10,000_ rpm 0.36 gem (0oz-in.) 


Trial unbalance (2 ¥ Umay,) 0.72 gern (0Z-in.) 

R—Radius (at which weight will be placed): 6.875 Fam (in.) 

Trial Unbalance Weight = Trial Unbalance/R . 
——$—_gernra————ae/_0.72_0z-in./_6.875_in. 0.10 g (oz) 


Conversion Information: 1 ounce = 28.350 grams 


Test Data Rotor Sketch 
Trial Weight Balancing Machine 
Angular Location Amplitude Readout 
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Test Date—Graphic Analysis 

Step 1: Plot data on the polar chart (Figure D-2 continued). Scale the chart so the largest and smallest 
amplitude will fit conveniently. 

Step 2: With a compass, draw the best fit circle through the six points and mark the center of this circle. 

Step 3: Measure the diameter of the circle in units of 


scale chosen in Step 1 and record. 35 units 
Step 4: Record the trial unbalance from above. 0.72 geram (02-in.) 
Step 5: Double the trial unbalance in Step 4 (may use 

twice the actual residual unbalance). 1.44 gerare (02-in.) 
Step 6: Divide the answer in Step 5 by the answer in Step 3. 0.041 ___. Scale Factor 


You now have a correlation between the units on the polar chart and the gein. of actual balance. 


Notes: 

1. The trial weight angular location should be referenced to a keyway or some other permanent marking on 
the rotor. 

2. The balancing machine amplitude readout for position “7” should be the same as position “1,” indicating 
repeatability. Slight variations may result from imprecise positioning of the trial weight. 


Figure D-2—Sample Calculations for Residual Unbalance 
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The circle you have drawn must contain the origin of the polar chart. If it doesn't, 
the residual unbalance of the rotor exceeds the applied test unbalance. 

NOTE: Several possibilities for the drawn circle not including the origin of the po- 
lar chart are operator error during balancing, a faulty balancing machine pickup or 
cable, or the balancing machine is not sensitive enough. 

If the circle does contain the origin of the polar chart, the distance between origin 
of the chart and the center of your circle is the actual residual unbalance present 
on the rotor correction plane. Measure the distance in units of scale you choose in 
Step 1 and multiply this number by the scale factor determined in Step 6. Distance 


in units of scale between origin and center of the circle times scale factor equals 
actual residual unbalance. 


Record actual residual unbalance__9.5(0.041)=0.27______(garara)(oz-in.) 
Record allowable residual unbalance (from Figure D-2)__9-36__ (gerara)(oz-in.) 


Correction plane A for RotorNo.__©-/0/ _ (has/Rae-Ret) passed. 
By John Inspector Date 11-31-94 


Figure D-2—Sample Calculations for Residual Unbalance (Continued) 
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Table E-1——Material Specifications for Major Component Parts 


Temperature 
Degrees Fahrenheit Degrees Celsius 
Part Material Specification* Form Minimum Maximum Minimum Maximum 
Compressor casings, Cast iron ASTM A 278 Cast -20 500 -28.89 260 
scrolls (volutes), Cast iron ATSM A 48 Cast -20 500 -28.89 260 
diaphragms Ductile iron ATSM A 395 Cast -20 500 -28.89 260 
Ductile cast iron ATSM A 536, Grade 60-40-18 Cast 
Steel ATSM A 27 Cast -20 650 -28.89 343,33 
Diffuser Ductile cast iron ATSM A 536, Grade 60-40-18 Cast 
Carbon steel ATSM A 516, Grade 60 Plate 
Steel Lead bearing, free machining Plate -20 500 -28.89 260 
Aluminum ATSM B 26, Alloy 355.0 Cast -320 400 -195.56 204.44 
Aluminum ATSM B 209, Alloy 6061-T6 Plate 
Aluminum ATSM Alloy 443.0 Cast 
Stage inlet adapter Cast iron ATSM A 48, Class 30 Cast -20 500 -28.89 260 
Cast iron Meehanite GA Cast -20 500 -28.89 260 
Steel ATSM A 53, Grade B, Type S Wrought -20 650 -28.89 343,33 
Steel ATSM A 106 Wrought -20 750 -28.89 398.89 
Steel ATSM A 355, Grade B, Type S = Wrought 
Interstage piping Cast iron ATSM A 278, Class 30 Cast 
Cast iron ATSM A 278, Class 40 Cast -20 500 -28.89 260 
Steel ATSM A 53, Grade B, Type S Wrought -20 650 -28.89 343,33 
Steel ATSM A 106 Wrought -20 750 -28.89 398.89 
Impellers Stainless stee] ATSM A 564, Type 630 Bar/shape 750 398.89 
Stainless steel AISI Type 410 Cast 750 398.89 
Stainless steel AISI Type 403 Forged 750 398.89 
Stainless steel SAE AMS 5353B Cast 600 315.56 
Pinion gears Steel AISI Type 4340 Bar stock 750 398.89 
Steel AISI Type 8620 Forged 750 398.89 
Steel AISI Type 9310 Forged 750 398.89 
Steel AISI Type 4140 Forged 750 398.89 
Steel AISI Type 4340 Forged 750 398.89 
Bull-gear shaft Steel AISI Type 4140 Forged 750 398.89 
Steel AISI Type 4340 Forged 
Bull-gear rim Steel AISI Type 4140 Forging 
Steel AISI Type 4340 : Forging 
Gear casing Cast iron ATSM A 498, Class 40 Cast -20 500 -28.89 260 
Cast iron ATSM A 48, Class 30 Cast -20 500 -28.89 260 
Cast iron ATSM A 278, Class 40 Cast 
Steel AISI Type 1010 or 1020 Bar stock -20 650 -28.89 343.33 
Backplate Steel ASTM A 516, Grade 60 Plate 
Baseplate Cast iron ATSM A 278, Class 40 Cast -20 500 -28.89 260 
Steel AISI Type 1010 or 1020 Plate -20 650 -28.89 343.33 
Steel ASTM A 283, Grade D Plate -20 650 -28.89 343.33 
Bolts® Steel ATSM A 193, Grade B7 Bar/forging 
Steel ATSM A 449, Grade 5 Forged -20 650 -28.89 343.33 
Steel] ATSM A 307, Grade B Forged -20 500 -28.89 260 
Steel ATSM A 307, Grade B Bar stock 
Steel ATSM A 574 Bar stock 
Steel AISI Type 4140 Bar stock 
Steel SAE J429, Grade 8 Forged -20 450 -28.89 232.22 
Nuts” Steel ASTM A 108 Forged -20 500 -28.89 260 
Steel ASTM A 194, Grade 2H Bar/forging 
Steel ASTM A 307, Grade B Forged -20 500 -28.89 260 
"Description of AISI types can be found in ASTM E 527. 
>For pressure joints. 
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Item 


Review of welder qualifications 


Package arrangement 
Piping 

Control panel 
Baseplate 


Casing connections 


Nameplates and rotation arrows 


Shaft runout 


Hardness checks 
Dimensional checks 
Dynamic balancing 
Impact testing 


Nondestructive testing 


Impeller overspeed test 
Hydrostatic test 
Mechanical/performance test 
Optional tests 


Preparation for shipment 


Appendix F—Inspector’s Checklist 


Standard 672 
Reference 


2.2.10.4.1 
3.5.1.15 


2.1.12 
3.5 
3.4.3 
3.3 
2.2.3 
2.2.11 


2.2.5.1.3 
2.2.7.4,5 


42.3.4 
4.2.3.5 
2.2.7.4 
2.2.10.5.3 


2.2.10.4.2 
2.2.10.4.5.1 
2.2.10.4.5.2 
2.2.10.4.6.1 
4.22 


4.3.3 
4.3.2 
434 
4.3.5 
44 
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PACKAGED, INTEGRALLY GEARED JOB NO, —_________ ITEM NO. 
CENTRIFUGAL AIR COMPRESSORS PURCHASE ORDERNO:,--—_———. DATE 
VENDOR DRAWING AND REQUISITION NO. DATE 
DATA REQUIREMENTS EEE NO: vA 
PAGE ot COF_ 2s 
FOR REVISION 
SITE UNIT 
SERVICE NO. REQUIRED 
Proposal* Bidder shall furnish copies of data for all itams indicated by an X. 
Review? Vendor shall furnish copies and reproducibles of drawings and data Indicated. 


Final® Vendor shall fumish copies and reproducibles of drawings and data indicated. 
Vendor shall furnish installation, operating, and maintenance or technical data manuals, 


Final—Received from vendor 
DISTRIBUTION Final—Due from vendor“ 
RECORD Review—Returned to vendor 
Review—Received from vendor 
Review—Due from vendor® 


DESCRIPTION 


12. Electrical, instrumentation, and contral schematics and bills of materials.. 


13. Electrical and instrumentation arrangement drawings. 
14. ISA data sheets for all instruments. 
15. Control valve, relief valve, and orifice plate sizing calculations 


16. Tabulation of utility requirements 


a 
anneal 
[ [7 718- conves showing performance characters at other pected mit condone. | 
[ [7 18- Curves showing the efece oft guide vanes at of design conaions. | 
On 
[| 21. Torsional rtical speed anaisis repo ———SSSCSCSC~C~CSCSCS 
| i fd 

i peed 

i rae 

ie 

a 

cau 

—s 


a oe 
[2a Coupling alignmentrequvements. SSCS 
25. Gentes hydrostatetestiogs SSCS 
a 
[|r Performance estiogs. 
[| 28. Procedures forany special oroptonaliesis 


“Proposal drawings and data do not have to be certified or as built. Typical data shall be clearly identified as such. 
»Purchaser will indicate in this column the time frame for submission of materials using the nomenclature given at the end of this form. 
“Bidder shail complete these two columns to reflect his actual distribution schedule and include this form with his proposal. 


22. Transient torsional analysis for synchronous motors. 
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TYPICAL, INTEGRALLY GEARED JOBNO._ TEM NO. 
CENTRIFUGAL AIR COMPRESSORS FAGE : OF : BY 
VENDOR DRAWING AND DATE CREVISION 
DATA REQUIREMENTS 
Proposal® Bidder shall furnish copies of data for all items indicated by an X. 


Review" Vendor shall furnish reproducibles of drawings and data indicated. 


copies and 


copies and reproducibles of drawings and data indicated. 
installation, operating, and maintenance or technical data manuals. 


Final® Vendor shall fumish 
Vendor shall furnish 


Final—Received fromm vendor 


DISTRIBUTION Final—Due from vendor®. 
RECORD Review—Returned to vendor 
Review—Received from vendor 
Review—Due from vendor®. 


ee 
| 28, Watetlcercstescfcomplanes 
[ 30. Rotorbalancingiegs SS 
[i Rotor combined mechanical and estes unawt SSCS 
[se Asbuitdatashesis SSCS 
[35.Instalatonmetefat 
[ 36. Operating and maintenance mamas —SSSSCSCSdSSd 
[ 35. Spare pars recommendations. = 
[ 36. Progress reports and delve schol, ——SSSSCSCSCSCSC~C~SCSCCS 
[a7 tistoferawings. SSCS 


jews | 
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39. List of special tools furnished for maintenance. 
40. Material Safety Data Sheets. a es 


®Proposal drawings and data do not have to be certified or as-built. Typical data shall be clearly identified as such. 
>Purchaser will indicate in this column the time frame for submission of materials using the nomenclature given at the end of this form. 
°Bidder shall complete these two columns to reflect his actual distribution schedule and include this form with his proposal. 


Notes: 
. Send all drawings and data to 


hy 


. All drawings and data must show project, appropriation, purchase order, and 
item numbers in addition to the plant location and unit. In addition to the copies 
specified above, one set of the drawings/instructions necessary for field instal- 
lation must be forwarded with the shipment. 


N 


Nomenclature: 
S—number of weeks prior to shipment. 
F—number of weeks after firm order. 
D—number of weeks after receipt of approved drawings. 


Vendor 
Date Vendor Reference 
Signature 
(Signature acknowledges receipt of all instructions) 
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DESCRIPTION 


The following numbered items correspond to the 
“Description” portion of the preceding “Packaged, Inte- 
grally Geared Centrifugal Air Compressors Vendor Drawing 
and Data Requirements.” 


1. Certified dimensional outline drawing(s) and list of 
connections, including the following: 
a. Size, type, rating, location, and identification of all 
customer connections. 
b. The weight of the package and approximate overall 
erection and maintenance handling weights of equipment 
and subassemblies that weigh more than 130 kilograms 
(300 pounds). 
c. Principal dimensions including overall package, 
maintenance clearances, dismantling clearances, and 
those required for the piping design. 
d. Shaft centerline height. 
e. Direction of rotation for the bull-gear shaft. 
f. The location of the center of gravity. 
2. Cross-sectional drawing and bill of materials, including 
the following: 
a. Journal-bearing clearances and tolerances. 
b. Axial rotor float for all rotors. 
c. Axial position of impellers and tolerance allowed. 
3. Vendor recommendation for piping, including require- 
ments for straight length of air inlet piping or for straighten- 
ing vanes where applicable. 
4. Control, alarm, and trip settings (pressures and recom- 
mended temperatures). 
5. Grouting details. 
6. Shaft-coupling assembly drawings and bills of materi- 
als, including the following: 
a. The make, size, and type of the couplings. 
b. Mounting procedure. 
c. Shaft-end gap and tolerance. 
d. Coupling guards 
7. Sealing air system schematics and bills of materials, 
including the following: 
a. Gas flows and control-valve (regulator) settings. 
b. Pipe and valve sizes. 
e. Instrumentation, safety devices, and control schemes. 
f. List of purchaser connections (if any). 
8. Foundation loading diagram including dimensions of 
baseplates complete with the following: 
a. Diameter, number, and locations of bolt holes; thick- 
ness of the metal through which the bolts must pass; 
and recommended clearance. 
b. Weights and centers of gravity for major compo- 
nents. 
9. Dimensioned outline drawing for all major auxiliary 
equipment to include all requirements in Item 1. 
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10. Lube-oil schematics and bills of materials, including 
the following: 
a. Oil flows and pressures at each level. 
b. Pipe and valve sizes. 
c. Instrumentation, safety devices, and control schemes. 
11. Lube-oil system assembly and arrangement drawings, 
including size, rating, and location of all customer connections. 
12. Electrical, instrumentation, and control schematics and 
bills of materials for all systems. The schematics shall show 
all control settings, alarm, and shutdown limits (set points). 
Drawings shall include, but not be limited to the following: 
a. Electrical one-line diagram. 
b. Elementary (schematic) wiring diagram. 
c. Interconnecting wiring/tubing diagrams. 
d. Conduit/wiring installation plans and details. 
13. Electrical and instrumentation arrangement drawings, 
including junction box location drawing and lists of connec- 
tions. 
14. ISA data sheets for all instruments. 
15. Control valve, relief valve, and orifice plate sizing cal- 
culations. 
16. Tabulation of utility requirements (may be on as built 
purchaser data sheets). 
17. Curves showing discharge pressure and brake horse- 
power plotted against delivered inlet flow at rated condi- 
tions. Performance curves shall indicate surge and rated 
capacity. 
18. Curves showing performance characteristics at other 
specified inlet conditions. 
19, Curve showing the effects of inlet quide vanes at off- 
design inlet conditions. 
20. Lateral critical speed analysis report, including but not 
limited to the following: 
a. Complete description of the method used. 
b. Graphic display of critical speeds versus operating 
speed. 
c. Graphic display of bearing and support stiffness and 
its effect on critical speeds. 
d. Graphic display of rotor response to unbalance 
(including damping). 
e. Journal static loads. 
f. Stiffness and damping coefficients. 
g. Tilting-pad bearing geometry and configuration, 
including the following: 
1. Pad angle (arc) and number of pads. 
2. Pivot offset. 
3. Pad clearance (with journal radius, pad bore 
radius, and bearing-set bore radius). 
4. Preload. 
21. Torsional critical speed analysis report, including but 
not limited to the following: 
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a. Complete description of the method used. 
b. Graphic display of the mass elastic system. 
c. Tabulation identifying the mass moment and torsional 
stiffness of each component identified in the mass elastic 
system. 
d. Graphic display of exciting forces versus speed and fre- 
quency. 
e. Graphic display of torsional critical speeds and deflec- 
tions (mode-shape diagram). 
f. Effects of alternative coupling on analysis. 
22. Transient torsional analysis of all units using synchro- 
nous motors. 
23. Allowable flange loadings for all customer connections, 
referenced to a defined point. 
24. Coupling alignment requirements, including recom- 
mended coupling limits during operation. Note all shaft- 
end position changes and support growth from a reference 
ambient temperature of 15°C (59°F) or another temperature 
specified by the purchaser. Include the recommended align- 
ment method and cold setting targets. 
25. Certified hydrostatic test logs. 
26. Mechanical running test logs, including but not limited 
to the following: 
a. Oil pressures and temperatures. 
b. Vibration, including (where applicable) an x-y plot of 
amplitude versus revolutions per minute during start-up 
and coast-down. 
27. Performance test logs and report. 
28. Procedures for any special or optional tests (see 4.3.5). 
29. Material certificates of compliance or mill test 
reports of items as agreed upon in the precommitment or 
pre inspection meetings. 
30. Rotor balancing logs, including a residual unbalance 
report in accordance with Appendix D. 
31. Rotor combined mechanical and electrical runout in 
accordance with 2.2.5.1.3. 
32. As-built data sheets. 
33. Installation manual describing the following (see 
5.3.6.2): 
a. Storage procedures. 
b. Foundation plan. 
c. Grouting details. 
d. Setting equipment, rigging procedures, component 
weights, and lifting diagrams. 
e. Dismantling clearances. 
f. Written sequence for final tests and checks prior to 
initial start-up. 
34. Operating and maintenance manuals describing the fol- 
lowing (see 5.3.6.3): 
a. Start-up. 
b. Normal shutdown. 
c. Emergency shutdown. 
d. Operating limitations, other restrictions, and a list 
of undesirable speeds (see 2.2.7.1.3). 
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e. Lube-oil recommendations and specifications. 
f. Routine operational procedures, including recom- 
mended inspection schedules and procedures. 
g. Instructions for the following: 
1. Disassembly and reassembly of rotor in casing. 
2. Disassembly and reassembly of journal bearings. 
4. Disassembly and reassembly of thrust bearing. 
5. Disassembly and reassembly of seals (including 
maximum and minimum clearances). 
6. Torquing procedures and torque values. 
h. Performance data, including the following: 
1. Curve showing certified test performance corrected 
for rated conditions. 
2. Curve showing expected performance at other spec- 
ified conditions including the effects of inlet guide 
vanes. 
i. Vibration analysis data, per Items 20—22 of the pre- 
ceding. 
j. As-built data, including the following 
1. As-built data sheets. 
2. Hydrostatic test logs, per Item 25. 
3. Mechanical running test logs, per item 27 above. 
4. Rotor balancing logs, per Item 30. 
5. Rotor mechanical and electrical runout at each 
journal, per Item 31. 
6. Test logs of all specified optional tests. 
k. Drawings and data, including the following: 
1. Certified dimensional outline drawing and list of 
connections. 
2. Cross-sectional drawing and bill of materials. 
3. Lube-oil schematics and bills of materials. 
4. Electrical and instrumentation schematics and 
bills of materials. 
5. Control- and trip-system data. 
35. Spare parts list with stocking level recommendations in 
accordance with 5.3.5. 
36. Progress reports and delivery schedule, including ven- 
dor buy-outs and milestones (refer to 5.3.4). 
37. List of drawings, including latest revision numbers and 
dates. 
38. Shipping list, including all major components that will 
ship separately. 
39. List of special tools furnished for maintenance (see 
3.9). 
40. Material Safety Data Sheets (OSHA Form 20). 
41. Preservation, packaging and shipping procedures. 
42. Technical data manual, including the following (see 
5.3.6.4): 
. As-built purchaser data sheets, per Item 32. 
. Certified performance curves, per Items 17-19. 
Drawings, in accordance with 5.3.2. 
. Spare parts list in accordance with 5.3.5. 
. Utility data, per Item 16. 
Applicable reports, per Items 20, 21, 22. 


mao Rags 


Information Handling Services, 


API STDx*xb?2 9b MB O732290 055946?e 723 


PG-01400—9/96—1.5M (4E} 


COPYRIGHT 2000 American Petroleum Institute Information Handling Services, 
Febuary 04, 2000 09:57:29 


API STDx*x6?2 9b MM 0732290 0559873 bboT 


Additional copies available from API Publications and Distribution: 
(202) 682-8375 


Information about API Publications, Programs and Services is 
available on the World Wide Web at: http://Awww.api.org 
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